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GRID3D-v2: An Updated Version of the GRID3D
Computer Program for Generating Grid Systems in
Complex-Shaped Three-Dimensional Spatial Domains

E. Steinthorsson and T. I-P. Shih
Department of Mechanical Engineering
Carnegie Mellon University
Pittsburgh, Pennsylvania 15213

R. J. Roelke
National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio 44135

1.0 INTRODUCTION

GRID2D/3D (refs. 1 and 2) is a powerful grid-generation package, capable of generating grid
systems for complicated geometries in both two and three dimensions. This package, which
employs algebraic grid-generation techniques, is computationally efficient and easy to use.
Nonetheless, when the geometry is unusually complex (e.g., se¢ fig. 1-1), the partitioning of the
geometry into zones or blocks that are suitable for GRID2D/3D becomes very cumbersome. In order
to make GRID2D/3D more versatile and readily applicable to geometries like the one shown in figure
1-1, a number of modifications were made to the package. These modifications are as follows:

(1) specification of boundary curves has been made more flexible;
(2) control over grid-point distribution has been increased;
(3) new interpolating functions based on tension splines have been added; and

(4) control over orthogonality at boundary surfaces has been increased.



GRID2D/3D 1s made up of two programs, GRID2D and GRID3D. GRID2D generates grid
systems for two-dimensional (2-D) spatial domains, and GRID3D generates grid systems for three-
dimensional (3-D) domains. The aforementioned modifications were made to GRID3D only. In this
report, the original version of GRID3D as reported in references 1 and 2 will be referred to as
GRID3D-v1. The new modified version will be referred to as GRID3D-v2.

In the remainder of this report, the theory and method behind the modifications are described,
and the use of GRID3D-v2 is explained and illustrated by an example.



2.0 THEORY AND METHODOLOGY

In this section, the theory and methodology behind the modifications that were incorporated
into GRID3D-v2 are described. First, specification of boundary curves is discussed, and a new
approach for controlling distribution of grid points is explained. Next, the functional forms of new
tension-spline based connecting curves are derived, and the properties of these functions examined.
Finally, control of orthogonality of grid lines at boundaries is discussed.

Note that throughout this section, the reader is assumed to be familiar with the theory behind
GRID3D-v1 which is described in reference 1.

2.1 Boundary Curves and Distribution of Grid Points

When generating 3-D grid systems with GRID3D-v1 or GRID3D-v2, we assume that the
geometry of the spatial domain for which a grid is to be generated is completely described by the
edge curves of the boundary surfaces (as used here, the edge curves are the four plane or twisted
curves that define the boundary of a surface). The algorithms used in GRID3D-v1 and GRID3D-v2
were designed to construct grid systems from the edge curves; however, these algorithms differ in
the way they specify edge curves and control grid-point distributions. This difference is described in

this section.

In GRID3D-v1, the following approach is used:

(1) Each edge curve is given by specifying a set of node points that lie on the curve. From
these node points, a parametric description of the curve is constructed by using tension-
spline interpolation.

(2) The distribution of grid points within the domain (including edge curves) is controlled by
specifying three one-dimensional stretching functions -- one for each family of grid lines
(i.e., one for &-grid lines, one for n-grid lines, and one for {-grid lines).

Although this approach provides flexibility in generating grid systems within complex-
shaped spatial domains, it is inadequate in some cases. For example, it does not allow for edge
curves to have derivative discontinuities such as those at cusps. Also, it does not provide adequate
control over distribution of grid points in regions where geometry changes appreciably. As a
specific example, the distribution of grid points on all constant-& surfaces must be the same and

cannot, even with partitioning, be made to vary from one section of the grid system to the next.



To overcome the shortcomings of GRID3D-v1, the following approach was used in
GRID3D-v2:

(1) Each edge curve is defined by specifying the location of the grid points on the curve.

This can be done by either one of the following two procedures: (a) Specify a set of node

points that lie on the edge curve for interpolation with a tension spline, and specify a

stretching function that controls where on the edge curve the grid points lie. (b) Specify

the grid points directly (in this case, a stretching function is not specified by the user,
rather it is calculated based on arc length as will be shown herein).

(2) The grid point distribution along grid lines of a given family is that obtained by the
bilinear interpolation of the stretching functions used for the edge curves belonging to that
family.

The specification of edge curves as described under (1(a)) is self explanatory, but the

calculation of stretching functions as described under (1(b)) and (2) requires further explanation.
For illustration, consider the {~family of grid lines. Suppose all edge curves belonging to this

family of grid lines are specified by using procedure (1(a)), and suppose the stretching functions

EOO(C), EIO(C), EOI(C) and E“(C) describe the distribution of the grid points on the edge curves
located at §=0n=0),(E=1n=0), €=0n=1)and (§ = 1,n = 1), respectively. In GRID3D-
v2, the stretching function for a {-grid line at any &-m location is given by the bilinear interpolation

of the stretching functions at the edge curves; namely
Cen(© = 200® (1-8) + L0 &) (1-m) + [Cor@ 180 + Ty 8 (2.1)

Now, instead of all edge curves being defined by (1(a)), suppose that the edge curve at { =0
and N = 0 is defined by using procedure (1(b)); that is, by specifying the grid point coordinates
directly. In order to use equation (2.1) for this case, a stretching function must be calculated for the
edge curve. Since the stretching function is needed only at the grid point-locations along the edge
curve, it can be calculated by using approximate arc length as follows:

Zoo(Ck) =0 k=1 (2.2a)
and

CooGr) = 2 k=2,3,4,...KL (2.2b)

dxL
where
K
dy = 2 [(xn‘xn»l)z + (Yn'yn-l)z + (zn'zn-l)z}l/2 (2.2¢)
n=2

and



G = (k-1) AQ AL = 1/(KL-1) (2.2d)

In equation (2.2), k = 1,2,3,...,.KL denotes the grid points on the edge curve; KL is the total
number of grid points on the curve; and Xn, Yn and zp are the x-, y- and z-coordinates of the n-th grid

point on the curve.

The same approach as that just described for the {-family of grid lines is employed to
determine the stretching functions for the &- and n-families of grid lines. This approach gives a

smooth distribution of grid points throughout the domain.

Finally, note that all stretching functions available in GRID3D-vl1 for controlling the
distribution of grid points in the entire domain are available in GRID3D-v2 for controlling the
distribution of grid points along edge curves defined by using procedure (1(2)) (i.., by specifying a
set of node points that lie on the edge curve and interpolating with a tension spline). In GRID3D-v2,
a stretching function that allows asymmetric clustering of grid points along the edge curve was
added. The new stretching function, which was developed by Vinokur (ref. 3), is given here.

Lette [0,1] be normalized distance or any monotonic parameter along a curve, and let Ee
[0,1] be the computational coordinate along which grid points are equally spaced. Two user
controlled parameters, s and sj, and two secondary parameters, A and B, are defined as

S0 = ——dé(tdt: 0 and $; = d—é(idtil—) s0, 51 >0 (2.3)
A=Ysg/s; and B=v559] (2.4)

In terms of these parameters, the functional form of the stretching function can be written as

(5= —E
A+ (1-A)u(®) (2.5)

where the function u(§) depends on the value of the parameter B, as shown in the following

equations.
If B > 1.001, then

tanh[Ay (§ - )
2 tanh[Ay/2]

uE) =1+ (2.6a)



where Ay is obtained from the relation

B = Sinh(4y) (2.6b)
Ay
If B < 0.999, then
u(&):l-;.ﬂé_x_(g_-li] (2.73)
2 tan[Ax/2]

where Ax is obtained from the relation

p _ Sin(Ax) (2.7b)
Ax
Finally, if 0.999<B < 1.001, then
u@=E[1+2@B-1DE-HA-E) (2.8)

The amount of clustering produced by the stretching function is controlled by the parameters
sg and s; which are defined by equation (2.3). If sgp and s are greater than one, then grid points are
clustered near the boundaries where t = 0 and t = 1. The greater sg and s, the greater is the
clustering of grid points near the t = 0 and t = 1 boundaries, respectively. If so and s; are less than
one, then the grid spacing is larger near the boundaries than in the interior; the smaller sp and sy, the
greater the grid spacing near the boundaries.

Frequently, when using the stretching function given by equations (2.3) to (2.8), we must
either solve equation (2.6(b)) for Ay, or solve equation (2.7(b)) for Ax. Vinokur (ref. 3) developed

approximate analytical relations for both of these inversion problems as follows:

For equation (2.6(b)), which is used when B > 1.001, the approximate inverse when 1.001
< B <2.7829681 is
Ay =V6B (1 - 0.158 + 0.057321429p7 - 0.0249072958
4 5 (2.9a)
+ 0.00774244615 " - 0.00107941238")

where
B=B-1 (2.9b)



When B > 2.7829681,

Ay =v + (1 + 1/v) In(2v) - 0.02041793 + 0.24902722w

(2.10a)
+ 1.9496443w?2 - 2.6294547w3 + 8.56795911w4
where
v=In(B) (2.10b)
and
w = (1/B) - 0.028527431 (2.10¢)

For equation (2.7(b)), which is used when B < 0.999, the approximate inverse when 0 < B
< 0.26938972 is

Ax=x[1-B+B2-(1+n2/6)B3 +6.794732B4

(2.11)
- 13.205501B5 + 11.726095B6)]
When 0.26938972 < B < 0.999,
Ax = V6B (1 +0.15B + 0.057321429p7 + 0.0487742388°

4 5 (2. 128)

- 0.053337753" + 0.075845134p")

where

B=1-B (2.12b)

2.2 Connecting Curves Based on Tension Spline Interpolation

Experience has shown that Hermite interpolation (cubic polynomials) as used in GRID3D-v1
sometimes results in connecting curves with too much curvature. In GRID3D-v2, the Hermite
interpolation is replaced by tension-spline interpolation. The most attractive feature of tension-spline
interpolation is that as the tension parameter is increased from zero to infinity, the interpolation
function varies from being a cubic polynomial to being a linear polynomial. Thus, tension-spline
interpolation offers increased control over the shape of the grid lines in the grid system. In this

section, a derivation of the tension-spline interpolation function is given for the two- and four-



boundary methods. First, the interpolation for an arbitrary variable is derived. Then, the application
to algebraic grid generation is illustrated.

The tension-spline interpolation function is derived as follows: suppose the variable X is a
function of the parameter s on an interval [0,1], but only X(0), X(1), X'(0) and X'(1) (X' denotes
dX/ds) are known. A tension-spline interpolation of X(s) on the interval [0,1] is sought. A tension-
spline interpolation of X(s) is traditionally written in terms of X(0), X(1), X"(0) and X" (1), where
X" = d2X/ds2, as follows (see, e.g., ref. 4):

_ X"(0) sinh{o(1-s)] X"(0)) 4.
X(s) = 2O +(x<0)-——2 )(1 5)
o“ sinh[0] c (2.18)
X"(l) smh[cs] (X(l) X"(l)
o? sinh[c o?

where © is the tension parameter. By differentiating equation (2.13) and evaluating the resulting

equation at the end points s = 0 and s = 1, we obtain

vy X"(0) cosh[c] X"}, X"(1) _X"(1) 2.

X'(0) = “osimho] (X(O) 2 +Gsinh[o]+()((1) = ) (2.14a)
and

i X0 _X"(0)), X"(1)cosh[o] X"(l)

X = - S inhio] (X(O) o2 )+ o sinh[o] (X(l) (2.14b)

The above two simultaneous equations can be solved to give expressions for X"(0) and X"(1) in terms
of X(0), X(1), X'(0) and X'(1). Substituting the resulting expressions into equation (2.13) gives

X(s) = X(O)hy(s) + X(1)ha(s) + X'(Mhs(s) + X'(1)ha(s) (2.16)
hi(s) = c1(1-s) + c28 + €2 (sinh[c(lsii)h][;;nh[cs] (2.16a)
ha(s) =cis +¢c2 (1-5) - ¢2 (Smh[c(;:]][;ﬂsmh[osl (2.16b)



_ sinh[o(1-s)] i sinh[os]
hals) = ¢ ((1-5) T sinbfo] | ¢ (S sinh[G] (2.16c)
_ sinh[o(1-s)] } _sinh[os]
ha(s) = -c4 ((l-s) ) sinh[G] ) ( sinh[0] (2.16d)
where
ci=1-¢ (2.17a)
_ sinh[o]
€2 = 3 sinh[o] - G cosh[G] - © (2.17b)
c3 = —&—sinh[o]
(Bz- a2) (2.17¢)
Cq = —ZB—— sinh[0] (2.17d)
B%- a?) ‘
o = o cosh|[o] - sinh{C] (2.17e)
B =sinh[c] - © (2.17%)

Equations (2.15) to (2.17) can be used to interpolate any function on an interval [0,1], when
the function's values and its first derivatives are known at the end points of the interval. The
application of these equations to algebraic grid generation is straightforward. Consider, for example,

the two-boundary technique (ref. 1). Suppose we want to generate a grid system between two
constant-1 boundary surfaces. The formulation in this case can be written as follows:

r¢n0=rEn=0.0him) +rEn=10 hyn)

(2.18)
o TENZ08) ) o XEAZ D

where



x(&.n.0)
r &0 =|yEn.b) (2.19)

z(§.m.0)

The above equation has the same form as if Hermite interpolation were used, except for the definition
of the functions hy, ha, h3, and hg, which in the case of Hermite interpolation are cubic polynomials
(ref. 1). Note, however, that the functions used in tension-spline interpolation (egs. (2.16) and

(2.17)) have the property that as 6—0, hy, hy, hs, and hy4 approach the cubic polynomials used in
Hermite interpolation (see ref. 1). Also, as 6—eo, hi(s)—(1-s), h2(s)—s, h3(s)—0, and hs(s)-0,

giving rise to linear connecting functions (Lagrange interpolation; see ref. 1).

2.3 Specification of Derivatives at Boundaries

When the two- and four-boundary methods, as described in reference 1, are used to generate
grid systems, the first-order derivatives involved (e.g., or(§,n = 0,)/on and or(§,n = 1,{)/on in
equation (2.18)) need to be specified. In GRID3D-v1 and GRID3D-v2, these derivatives are
specified such that grid lines intersect boundary surfaces orthogonally. In this section, the methods
used in GRID3D-v1 and GRID3D-v2 to calculate these derivatives will be explained. The two-
boundary technique given by equation (2.18) will be used to illustrate the concepts.

In GRID3D-v1, the derivatives ar(§,n = 0,{)/on and or(€n = 1,£)/0n (eq. (2.18)) are

chosen as follows:

or(§n =00 ar¢n =10
-éT-C_ = Knl(é’t_») tnl —an"‘— = an(i,C) tnz (2.20)
where
Lo orEN=00) orEn =00 2.210)
n o o .
4 _ —
o = - or@n=10 or€¢n=1% (2.21)

J Plé

In equation (2.20), the terms Ky1(§,0) and Ky2(§,0) -- that is,the K-factors -- are specified by the

user and are intended to control the magnitude of the derivatives. However, the magnitude of the

10



derivatives will also depend on the magnitude of the vectors ty1 and t,), which in turn depend both
on the geometry of the boundary surfaces atn =0andn = 1. respectively, and on the grid spacing

on the surfaces. Thus, full control cannot be exerted over the magnitudes of the derivative terms
ar(E,=0,0)/dn and ar(E,=1,C)/d, and for complex-shaped geometries this may pose a problem.

In order to overcome the aforementioned problems, in GRID3D-v2 the derivative terms
or(E,n =0,0)/dn and Ir(E,n = 1,%)/01 were defined as follows:

ar(Em =0.C arEm= 1z
_E;T_‘a’_z Kii(EL) €1 _i(_-_'(])_ﬁ_-_) = Kna(E0) en2 (2.22)

where e,; and e, are unit vectors that are normal to the boundary surfaces atny =0 andn =1,

respectively: that is

t ,
ey = 0L en :lt‘:—l (2.23)

This approach allows total control over the magnitude of the derivatives ar(E,n = 0,0)/dn and
ar(E, = 1,2)/dy through the K-factors alone.

Finally. note that in GRID3D-v1, the K-factors were taken to be constants on each boundary
surface. even though the authors realized that they could be allowed to vary. In GRID3D-v2. the K-

factors are allowed to vary from point to point and can be controlled by the user.

In the next section. we show how GRID3D-v2 is used to generate grid systems. Several
auxiliary programs were written to assist grid generation with GRID3D-v2. A description of these
programs is given in appendix A. A complete listing of the GRID3D-v2 computer program is given

in appendix B.
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3.0 USING GRID3D-v2

In this section, the use of GRID3D-v2 is described. The section consists of two parts: first,
an explanation of generating 3-D grid system with GRID3D-v2; and second, an example of such a grid
system generated by using GRID3D-v2.

3.1 Generating a Three-Dimensional Grid System with GRID3D-v2

When using GRID3D-v2, the user must answer the following questions:

(1) Should the two boundary technique or the four boundary technique be
used?

(2) Should any edge curve be defined by specifying the grid points
directly?

(3) How many grid points are desired in each of the , n, and { directions?

(4) Is any clustering of grid points needed?

(5) What K-factors should be used (see section 2.3 and pp. 18 to 20 in ref.
1) and are constant K-factors sufficient?

Once these questions have been answered, an input file for GRID3D-v2 must be constructed. The
form of the input file is shown in figure 3-1. The various parameters in the input file are explained in
table 3.1. The surface and edge curve numbering scheme embedded in GRID3D-v2 is shown in
figure 3-2. Note that some of the edge curves are identical; that is, curves 3 and 9 are identical and
so are curves 4 and 13, curves 7 and 10, and curves 8 and 14 (for further explanation of the edge
curve numbering scheme, see p. 5 of ref. 2)

In the input file are values for K-factors at boundary surfaces -- a single value is assigned for
all grid points on each surface. The user can modify the K-factor for any individual grid point or
groups of grid points on each surface by adding FORTRAN statements into subroutine KFACTOR
(see listing in Appendix B). Note that in addition to being used to generate grid points in the interior
of the spatial domain, K-factors are also used to generate grid points on boundary surfaces
themselves. For this latter case, the relevant K-factors are those at grid points that lie on the four
edge curves bounding the surface. These K-factors can also be modified in subroutine KFACTOR.

Once an input file has been prepared (and an executable file created for GRID3D-v2 if
subroutine KFACTOR was modified), GRID3D-v2 can be executed. Note, GRID3D-v2 reads the

input file from unit 7 and writes output to unit 8.
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Grid generation is an iterative process; that is, an acceptable grid system is generated by trial
and error after generating a series of unacceptable grid systems. Some observations and rules of
thumb that might be useful when generating grid systems with GRID3D are as follows:

(1) If it is necessary to partition a spatial domain, then select partitioning surfaces
that intersect boundary surfaces as orthogonally as possible. This approach
minimizes skewness both at boundaries and in the interior of the domain.

(2) A common boundary between two partitions should be specified in exactly the
same way in the input files in order to guarantee a continuous grid across the
common boundary.

(3) For improved flexibility in modifying a grid system, the boundary curves
should be defined by using node points for tension-spline interpolation and a
stretching function (see Section 2.1), rather than specifying grid points directly.

(4) When generating a grid system for a complicated geometry, first find stretching
functions and K-factors for edge curves that give the desired distribution of grid
points on the boundary surfaces. Afterwards, try to optimize grid-point
distribution in the interior by modifying K-factors on boundary surfaces and/or
the amount of tension in the connecting curves. If this two-step process does
not yield an acceptable grid system, then try to modify grid-point distribution on
boundary surfaces and/or re-partition the domain.

(5) Start with low tension and low K-factors. Slowly increase K-factors to
improve orthogonality at boundaries and eliminate overlapping grid lines.
Increasing the amount of tension in the connecting curves also can eliminate
overlapping grid lines by straightening grid lines.

(6) Increased tension tends to straighten out grid lines whereas increased K-factors
tend to increase the curvature of grid lines.

(7) If K-factors are too high, then grid lines can overlap.

(8) K-factors affect the grid spacing near the boundary surfaces. Increasing the K-
factor at a boundary increases the grid spacing adjacent to that boundary. This
effect can be beneficial in some instances but detrimental in others.

(9) K-factors should vary smoothly from grid line to grid line. An exception to

this general rule is when a grid line intersects a boundary surface at a cusp in the
surface.

3.2 Example: A Spatial Domain With Irregular Boundaries

Figure 1-1 shows a cooling passage in a radial turbine blade. Figure 3-3 shows how this
cooling passage was partitioned into blocks or zones for the purpose of grid generation. The
partitioning that is shown was deemed necessary in order to get an acceptable grid system.

13



Figure 3-4 shows the grid system for partition number 18. The input file for this partition is
given in table 3-2. The entire grid system generated by using GRID3D-v2 is shown in figures 3-5
and 3-6. The plotting in figures 3-4 to 3-6 were obtained by using 3DSURF -- the plotting package
supplied with GRID2D/3D.

4.0 SUMMARY

A new version of the grid generation program GRID3D, which is a part of the grid
generation package GRID2D/3D, has been developed. The new program is referred to as GRID3D-
v2. This report describes GRID3D-v2 and how to use it. The capability of the program was
demonstrated by generating a grid system for a very complicated geometry, namely a cooling
passage inside a radial turbine blade.

14



Appendix A -- Support Programs

A.1 Description of Support Programs

To support the task of grid generation with GRID3D-v2, several auxiliary programs have
been developed. Two of these programs, namely PRSURF and 3DSURF, were developed to allow
the user to view grid systems generated with the package. Three more programs, namely 3DPREP,
EDGE, and EDGPREP, were developed to aid in the preparation of input files for GRID3D-v2.
Finally, one program, GRIDTST, was written to test the grid system for problems such as
overlapping grid lines. Each of these programs and their use will be described in the following

pages.

3DSURF

The program 3DSURF was developed alongside the original version of GRID2D/3D to allow
the user to plot grid systems on the computer screen. It was designed for IBM PC, XT and AT
computer systems and compatibles. Two-dimensional grid output files from GRID2D/3D are
already in the proper format for use with 3DSURF. Three-dimensional grid output files must, on the
other hand, be processed using PRSURF (described next) to create input files for 3DSURF. A
general description of 3DSURF and its use is given in Section 3.1 in reference 2.

PRSURF

The PRSURF program was written to process output files from GRID3D and create input
files for 3DSURF. This program allows the user to select surfaces or parts of surfaces from the grid
system (i.e., constant-§, constant-1, and constant-{ surfaces) and to store them in a format

compatible with 3DSURF. The program is interactive and self-explanatory.

PRSURF uses three files. The file containing the input to PRSUREF (i.e., the output file
from GRID3D) is read from unit 7. The output file from PRSURF (which becomes the input file
for 3DSURF) is written to unit 9. Last, a file used for temporary storage of data is accessed as unit
g.

15



Finally, we mention that since 3DSUREF is limited to handling surfaces that have 40 grid
points per side or less, PRSURF automatically breaks any grid surface into sections that are 40 grid
points by 40 grid points or smaller.

3DPREP

The user can apply 3DPREDP to create input files for GRID3D-v2. The program prompts the
user for all control parameters such as stretching functions and k-factors. It reads from files the
coordinates of points defining the edge curves. These files must have the following format:

NP (number of points)
X1, Y1, 21
X2, Y2, 22
X3, Y3, 23

XNPs> YNPs ZNP

The program can read data points from these files in both forward and reverse order, and the user
can let the program read data from several files (the whole file or only a part of the file) to put
together a single edge curve. 3DPREP is useful, primarily, when many input files for GRID3D-v2
need to be created from the same set of data.

3DPREP is designed to run on the IBM PC, XT, AT, and compatibles, but it can easily be
modified to run on other computer systems. The only modification that should be needed in such a
case is the insertion of open statements into the program so that the user can interactively specify

which files the program must access.

The EDGE program was written to aid the user in generating grid points along an edge curve
that cannot be represented by a single spline curve (e.g., edge curves possessing derivative
discontinuities such as cusps) and which must, therefore, be defined in the input files for GRID3D-
v2 by giving the grid point coordinates directly (see Section 2.1). The program was designed to
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generate grid points on an edge curve that is composed of several sections, where each section is
defined by a set of nodal points that are interpolated by a spline curve. The number of grid points on
each section and their distribution within the section is controlled independently.

EDGE, which is designed to run on the IBM PC, XT, AT, and compatibles, reads input data
from UNIT 1 and writes the output to UNIT 20. The input file must have the following format:

NS (number of sections)

Data for section
1

Data for section
2

Data for section
NS

where the data for an arbitrary section number i are the following:

IP; (number of grid points on section 1)
o; (tension parameter for the spline interpolation)

NN; (number of node points given on section i )
X1, Y1, 21
X2, Y2, 22
X3, ¥3, 23

StretchType;
Betal;, Beta2i

The meaning of the parameters StretchType, Betal, and Beta2 is explained in table 3-1. Note that in
EDGE it is assumed that the curve being generated is continuous; that is, the last grid point on one
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section must be the same as the first grid point on the next section. Thus the output from EDGE has
the following format:

IL (number of grid points on the edge curve)
X1,1, ¥1,1, 21,1
X1,2» ¥1,2, 21,2
X1,3,» ¥1,3, 21,3

X1,IP1-1» Y1,IPy-15 Z1,1P)-1
X2,1, ¥2,1, 22,1
X2,2, ¥2,2, 22,2
X2,3, ¥2,3, 22,3

X2,1P3-1> Y2.IPy-15 Z2,1Pp-1

XNS,1» YNS,1> ZNS,1
XNS.2s ¥NS,2> ZNS,2
XNS.3s ¥NS,3: ZNS3

XNS,IPNs» YNSIPNS» ZNSIPNS

where x;;, yi;, and z;; are the coordinates of grid point number j on section number i. The total
number of grid points is

NS
IL=1+ Y, (IPi-1)

i=1
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Intentionally, this is the same format as for the input files for 3DPREP so the output files from
EDGE can be read by 3DPREP.

GRIDTST

The GRIDTST program is used to check grid systems of 3-D spatial domains for defects,
such as over lapping grid lines, that result in a negative Jacobian, where the Jacobian is defined as
follows (for further explanation of the Jacobian, see ref. 1):

J = xg(ynZg, - Yezn) - Xn(YEZL - YE28) + Xe(YEZn - YnZE)

GRIDTST evaluates the Jacobian at every grid point, estimating the derivatives (i.e., Xg, Y&,
zg, etc.) by using central difference approximations for grid points that do not lie on the boundary
surfaces of the domain and by using second order accurate one-sided difference formulas where
necessary on the boundary surfaces. If any negative Jacobians are found, GRIDTST prints a
message on the computer screen, and the Jacobians and the grid point locations are written into a file.

The input into GRIDTST is the grid system generated by GRID3D-v2. The input is read
from UNIT 1 whereas the output (if any) is written into UNIT 2. GRIDTST is written to run on the
IBM PC, AT, XT, and compatibles, but it can be used on any computer system.
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A.2 Listing of PRSURF

PROGRAM PRSURF

C
C = = =
c This program writes out user picked surfaces from a 3-D grid I
C=== == ==== =
C

PARAMETER (IM=11, JM=51,KM=151)

INTEGER i, j, k, IL, JL, KL

REAL X (IM,JM,KM),Y(IM,JM,KM), Z(IM,JIM, KM)
c

IERR=0
5 WRITE (*,5001)

READ (*, *) IPICK
5001 FORMAT('2',///,' Please enter:‘,//,
S 1 - if you want the boundary surfaces of the grid',/,
St to be saved',/,
S 2 - if you want to select surfaces to be saved',///)

IF(IPICK.EQ.1)THEN
CALL PRGRID(X,Y,Z,IM,JM, KM)
ELSE IF(IPICK.EQ.Z2)THEN
CALL PRSRFS(X,Y,Z,IM,JM,KM)
ELSE IF(IERR.EQ.0) THEN
WRITE (*, *) ' You will get one more chance to make a'
WRITE (*, *) ! selection - Please enter any character'
WRITE (*, *)° and then press RETURN'
READ (*, *)
IERR=1]
GOTO &
ELSE
STOP
ENDIF

OO0

STOP
END

OO0

SUBROUTINE PRGRID(XPnt, YPnt, ZPnt,IL2,JL2,KL2)

C This subroutine reads in grid point coordinates and writes out the
C coordinates of the grid points which lie along specified planes.
INTEGER 1, 3, k, IL, JL, KL, IL1, JL1, KL1
REERL XPnt(IL2,JLZ2,KLZ2),

S YPnt (IL2, JL2,KL2),
$ ZPnt (IL2,JL2,KL2)
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C Read in the grid size.

READ (7,*) IL
READ(7,*) JL
READ (7, *) KL

C Read in the grid point locations.

Do 7 i=1,IL
DO 6 j=1,JL
DO 5 k=1,KL
READ (7, *) XPnt (i, 3,k),YPnt(i, 3, k),2Pnt (i, 3, k)
5 CONTINUE

6 CONTINUE

7 CONTINUE
C Calculate the number of sections the grid must be split into
C for plotting purposes. (Plotting routines can handle only a grid
C with a maximum dimension of 40. Here it is assumed that only the
C zeta-coordinate direction can involve more grid points than that)

KS=(KL-1) /39
JS=(JL-1) /39

C Print out the number of surfaces.

IF ((KS*39+1) .LT.KL) THEN
NSK=KS+1

ELSE
NSK=KS

ENDIF

IF ((JS*39+1) .LT.JL) THEN
NSJ=JS+1

ELSE
NSJ=JS

ENDIF

NOSURF=2*NSJ+2*NSK+3* (NSK*N5J)
WRITE (9, *) NOSURF
C Print out the grid points.
DO 21 m=1,NSJ
jO=39* (m-1)+1
§1=MIN (j0+39,JL)
JLm=j1-3j0+1

WRITE(S,*) IL
WRITE (9, *) JLm

) XPnt (i, j,KL),YPnt (i, 3,KL),2Pnt (i, j,KL)
10 CONTINUE
20  CONTINUE
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21

25

27
28
29

42
43
44

CONTINUE
FORMAT (1X,F10.6,3x,F10.6, 3X,F10.6)
DO 29 n=1,NSK

k0=39* (n-1)+1
k1=MIN (k0+39,KL)
KLn=kl-k0+1

WRITE(S,*) IL
WRITE(9,*) KLN

DO 28 i=1,IL
DO 27 k=kO0,kl
WRITE(9,25) XPnt(i,JL,k),YPnt(i,JL, k), 2ZPnt(i,JL,k)
CONTINUE
CONTINUE
CONTINUE

DO 44 m=1,NSJ

§0=39*% (m-1) +1
31=MIN (30+39, JL)
JLm=31-30+1

DO 44 n=1,NSK

k0=38* (n-1)+1
k1=MIN (k0+39, KL)
KLn=k1-k0+1

WRITE(S,*) JLm
WRITE(S,*) KLn

DO 43 =30, 91
DO 42 k=k0, k1
WRITE(9,25) XPnt(IL,3J,k),YPnt(IL, 3, k),2Pnt (IL,j,k)
CONTINUE
CONTINUE
CONTINUE

DO 110 m=1,NSJ
JO=39* (m-1)+1
31=MIN (j0+39, JL)
JLm=91-30+1

DO 110 n=1,NSK
k0=39*(n-1)+1
k1=MIN (k0+39, KL}
KLn=k1-k0+1

WRITE (9, *) JLm
WRITE (9, *) KLn
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Do 109 3j=30,31
DO 108 k=kO0,kl
WRITE(9,25) XPnt(1,3j,k),YPnt(l,J,k),2Pnt (1, k)
108 CONTINUE
109 CONTINUE
110 CONTINUE

DO 131 m=1,NSJ

30=39* (m-1) +1
31=MIN (50+39, JL)
JLm=31-30+1

WRITE(9,*) IL
WRITE (9, *) JLm

DO 130 i=1,IL
DO 125 j=30, 31
WRITE (9,25) XPnt(i,j,1),YPnt(i,j,1),2Pnt(i,J,1)
125 CONTINUE
130 CONTINUE
131 CONTINUE

DO 134 n=1,NSK

k0=39* (n-1)+1
k1=MIN (k0+39,KL)
KLn=k1-k0+1

WRITE(9,*) IL

WRITE (9,*) KLn

DO 133 i=1,IL

DO 132 k=kO,kl
WRITE(9,25) XPnt(i,1,k),YPnt(i,1,k),2ZPnt(i,1,k)

132 CONTINUE
133 CONTINUE
134 CONTINUE

DO 144 m=1,NSJ
jO=39* (m-1)+1
j1=MIN(3j0+39, JL)
JIm=371-30+1

DC 144 n=1,NSK
k0=39*(n-1)+1
k1=MIN(k0+3¢, KL)
KIn=k1l-k0+1

WRITE (¢, *) JLm
WRITE (9,*) KLn

IH=(IL+1)/2
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DO 143 =30, 731
DO 132 k=k0, k1
WRITE (9, 25) XPnt(IH,j,k),YPnt(IH,j,k),ZPnt(IH,j,k)
142 CONTINUE
143 CONTINUE
144 CONTINUE

STOP
END
C
C
SUBROUTINE PRSRFS(X,Y,Z,IM,JM,KM)
C This subroutine reads in grid point coordinates and writes out the
C coordinates of the grid points which lie along planes specified
C by the user.

INTEGER i, 3, k, IL, JL, KL
REAL X (IM,JM,KM),Y(IM,JIM,KM),Z(IM,JIM, KM)
WRITE (*,5001)

C Read in the grid size.

READ(7,*) IL
READ(7,*) JL
READ (7, *) KL

C Read in the grid point locations,

Do 3 i=1,IL
DO 2 j=1,JL
DO 1 k=1,KL
READ (7,*) X(i,3,k),Y(i,3,k),2(1,3,Kk)
CONTINUE
CONTINUE
CONTINUE

(O3 o o

NOSURF=0
5 WRITE(*,5002)IL,JL,KL
READ (*, *) IPICK
IF (IPICK.EQ.1)THEN
WRITE(*, 5003)
READ(*, *) IPICK2
IF (IPICK2.EQ.1) THEN
WRITE (*,*)
WRITE(*, *) 'Please enter the value of i'
READ (*, *) 1
JFIRST=1
JLAST=JL
KFIRST=1
KLAST=KL
ELSE
WRITE (*, *)
WRITE(*, *) 'Please enter the value of i
READ(*, *) I
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WRITE (*, *)

WRITE (*,*)' Please enter the lower and upper limit'
WRITE(*,*)" for the j coordinate (JFIRST,JLAST)'
READ (*, *) JFIRST, JLAST
WRITE (*, *)
WRITE (*,*) ' Please enter the lower and upper limit'
WRITE(*,*)' for the k coordinate (KFIRST,KLAST)'
READ (*, *) KFIRST,KLAST

ENDIF

NSJ=(JLAST-JFIRST) /39
IF (JFIRST+NSJ*39.LT. JLAST) NSJ=NSJ+1
NSK= (KLAST-KFIRST) /39
IF (KFIRST+NSK*39.LT.KLAST) NSK=NSK+1
NOSURF=NOSURF+NSJ*NSK
DO 60 m=1,NSJ
30=39% (m-1) +JFIRST
31=MIN(30+39,JLAST)
Jlm=31-30+1
DO 50 n=1,NSK
K0=39* (n-1) +KFIRST
K1=MIN (k0+39, KLAST)
KLn=k1-k0+1
WRITE (8, *) JLm
WRITE (8, *) KLn
DO 40 3=30, 31
DO 30 k=kO, k1
WRITE (8,25) X(I,3,k),Y(I,3,k),Z(I,3,K)

30
40
50
60

CONTINUE
CONTINUE
CONTINUE

CONTINUE

IERR=0
GOTO 5

ELSEIF (IPICK.EQ.2)THEN

WRITE (*,5003)

READ (*, *) IPICK2

IF (IPICKZ.EQ.1)THEN
WRITE (*,*)
WRITE (*, *) 'Please enter the value of 3"
READ (*, *)J
IFIRST=1
ILAST=IL
KFIRST=1
KLAST=KL

ELSE
WRITE (*, *)
WRITE (*, *) 'Please enter the value of j'
READ(*,*)J

WRITE (*
WRITE (*,*) "' Please enter the lower and upper limit'
WRITE (*, *) "' for the i coordinate (IFIRST,ILAST)'
READ (*, * )IPIRST,ILAST
WRITE (*, *)
WRITE(*,*)" Please enter the lower and upper limit'
WRITE(*,*}' for the k coordinate (KFIRST,KLAST)'
READ (*, *)KFIRST, KLAST

ENCIFE
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NSI=(ILAST-IFIRST)/39
IF (IFIRST+NSI*39.LT.ILAST)NSI=NSI+1
NSK= (KLAST-~-KFIRST) /39
IF(KFIRST+NSK*39,.LT.KLAST)NSK=NSK+1
NOSURF=NOSURF+NSI*NSK
DO 100 m=1,NSI
i0=39* (m-1)+IFIRST
il=MIN(j0+39, ILAST)
IIm=1il1-i0+1
DO 90 n=1,NSK
k0=39* (n-1)+KFIRST
k1=MIN (k0+39, KLAST)
KLn=k1l-k0+1

WRITE (8, *) ILm
WRITE (8, *) KLn

DC 80 i=i0,il
DO 70 k=kO0,kl
WRITE(8,25) X(i,J,k),Y¥(i,J,k),2(i,J,k)
CONTINUE
CONTINUE
CONTINUE
CONTINUE
IERR=(
GOTO 5

ELSEIF (IPICK.EQ.3)THEN

WRITE (*,5003)

READ (*, *) IPICK2

IF(IPICK2.EQ.1) THEN
WRITE (*, *)
WRITE (*, *) 'Please enter the value of k'
READ(*, *)K
IFIRST=1
ILAST=IL
JFIRST=1
JLAST=JL

ELSE
WRITE (*, *)
WRITE (*, *) 'Please enter the value of k'
READ (*, *)K
WRITE (*, *)

WRITE (*, *)" Please enter the lower and upper limit'

WRITE (*,*) "' for the i1 coordinate (IFIRST,ILAST)'
READ (*, *) IFIRST, ILAST
WRITE(*, *

WRITE (*,*)" Please enter the lower and upper limit'

WRITE(*,*) ' for the j coordinate (JFIRST,JLAST)'

READ (*, *) JFIRST, JLAST
ENDIF
NSI=(ILAST-IFIRST) /39
IF(IFIRST+NSI*39.LT.ILAST)NSI=NSI+1
NSJ=(JLAST-JFIRST) /39
IF(JFIRST+NSJ*39.LT.JLAST)NSJ=NSJ+1
NOSURF=NOSURF+NSI*NSJ
DO 140 m=1,NSI

10=39* (m-1)+IFIRST
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11=MIN (j0+39, ILAST)

ILm=11-10+1

DO 130 n=1,NSJ
50=39* (n-1) +JFIRST
31=MIN (j0+39, JLAST)
JLn=91-30+1
WRITE (8, *) ILm
WRITE(8,*) JLn
DO 120 i=i0,il

DO 110 3=30,31
WRITE (8,25) X(i,3,K),Y(i,3,K),2(i,3.K)

110 CONTINUE
120 CONTINUE
130 CONTINUE
140 CONTINUE
IERR=0
GOTO 5
ELSEIF (IPICK.EQ.0 .CR. IERR.EQ.1) THEN
REWIND (8)
WRITE (9, *) NOSURF
DO 1000 N=1,NOSURF
READ (8, *) Il
READ (8, *) I2
WRITE (9, *) Il
WRITE (9, *)I2
DO 999 I=1,I1*I2
READ (8, *) X1,X2,X3
WRITE(9,25)X1,X2,%X3
99¢ CONTINUE
1000 CONTINUE
ELSEIF (IERR.EQ.0) THEN
IERR=1
WRITE (*,*) "' INVALID SELECTION'
WRITE(*, *}' You will get one more chance to make a'
WRITE (*, *)" selection - Please enter any character'
WRITE (*, *) ' and then press RETURN'
READ (*, ™)
GOTO 5
ENDIF
C
C
RETURN
25 FORMAT (1X,F10.6,3x,F10.6,3X,F10.6)
5001 FORMAT(' ',///,
$! Reading in the grid. Please wait',///)
5002 FORMAT(' ',///,' Please enter:',//,
St 1 - if you want to save a constant-i surface',/,
St 2 - if you want to save a constant-j surface',/,
S 3 - if you want to save a constant-k surface',/,
S 0 - if you want to QUIT',/,
$'(Recall: IL=',I3,"', JL=',13,", KL=',1I3,')"',//)
5003 TFORMAT(' ',///,' Please enter:',//,
s 1 - if you want the whole surface saved?', /,
50 2 - if you want to specify a part of the',/,
g surface to be saved',//)
EWD
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A.3 Listing of 3DPREP

PROGRAM PREPARE

DIMENSION TENSION(16),BETAl(16),BETA2(16),

/ X1(100),Y1(100),21(100),X(16,100),Y(16,100),2(16,100)
INTEGER STRTYPE(16),N2B(4),TYPE(16),NODES(16)

REAL KXI1,KXIZ2,KETAl,KETA2,KZETAl,KZETA2

WRITE (*, *)

WRITE(*, *)

WRITE (*, *)

WRITE (*, *)

WRITE(*,*)' This program prepares input files for GRID3D by'
WRITE(*, *) ' reading the necessary information from the screen'
WRITE(*,*)' and from files.'

WRITE (*, *)

WRITE (*, *)

WRITE (*, *) '"What technique is to be used.’
WRITE(*, *) 'Enter 2 for the two-boundary technique’
WRITE(*,*)' or 4 for the four-boundary technique'
READ (*, *) ITECH

WRITE(*,*) '‘Enter IL, JL and KL'
READ (*, *) IL,JL, KL

WRITE(*, *) 'Enter SigmaXi, SigmaEta, and SigmaZeta'
READ(*, *)SigXi, SigEt, SigZt

WRITE (*, *) 'Enter kXI1 and kXI2!
READ (*, *) KXI1,KXI2
WRITE (*, *) 'Enter kETAl and kKETA2'
READ (*, *) KETAl, KETAZ
WRITE (*, *) 'Enter kZETAl and kZETA2'
READ (*, *) KZETALl, KZETAZ

WRITE (*, *) 'The output file will be UNIT 20°'

WRITE (20, *)ITECH, ' Technique'
WRITE (20, *)IL, " IL'

WRITE (20, *)JL, JL!

WRITE (20, *)KL, " KL'!

WRITE (20, *) SigXi, SigmaXi'
WRITE (20, *)SigEt, ' SigmaEta'
WRITE (20, *)SigZt, ' SigmaZeta’
WRITE (20, *)KXI1," kXI1'

WRITE (20, *)KXIZ2, ' kX12°

WRITE (20, *}KETAL, ' kETALl"
WRITE (20, *)KETAZ, ' kKETAZ2'
WRITE (20, *) KZETAL, ' kKZETAL"®
WRITE (20, *)KZETAZ, ' KZETAZ!

DO 200 NSRF=1,2
NEl1=1+4*(NSRF-1)
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NE2=NE1+1
NE3=NE1+2
NE4=NE1+3

Get data for edge NEl:

WRITE(*,2002)NE1

WRITE (*,2001)NE1

READ (*, *) ITYPE

IF(ITYPE.NE.1 .AND. ITYPE.NE.2)GOTO 5

o OO0

IF(ITYPE.EQ.1) THEN
CALL GETGRP (X1,Y1,Z1,NOP)
IF (NOP.NE.KL)WRITE(*, *)
'"WARNING --- NUMBER OF GRID POINTS INCONSISTENT -',
' EDGE',NE1
WRITE (20, 3001) ITYPE, NE1
DO 10 K=1,KL
WRITE (20,3004)X1(K),Y1(K),21(K),K
10 CONTINUE
X11=X1 (1)
Y11=Y1 (1)
211=21(1)
X1L=X1 (KL)
Y1L=Y1 (KL)
21L=2Z1 (KL)

~

ELSEIF(ITYPE.EQ.2)THEN
CALL GETNODES(X1,Y1l,Z21,NOP)

WRITE (*,2006)NE1
READ (*, *) TENSN
CALL GETSTR(NE1l,ISTR1,BETAll,BETAZ21)

WRITE(20,3001) ITYPE,NE1

WRITE (20,3002) TENSN

WRITE (20, 3003)NOP

DO 20 I=1,NOP

WRITE (20,3004)X1(I),Y¥1(I),21(I),I

20 CONTINUE

WRITE (20, 3005) ISTR1

IF(ISTR1.NE.4)WRITE (20, 3006)BETAll

IF (ISTR1.EQ.4)WRITE(20,3007)BETAll, BETAZ1

X11=X1(1)

Y11=Y1(1)

Z211=21 (1)

X1L=X1 (NOP)

Y1L=Y1 (NOP)

Z1L=2Z1 (NOP)

@]

ENDIF

Get data for edge NEZ:

OO0

WRITE (*,2002)NEZ
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25 WRITE (*,2001)NE2
READ (*, *) ITYPE
IF(ITYPE.NE.1 .AND. ITYPE.NE.Z2)GOTO 25

IF (ITYPE.EQ.1) THEN
CALL GETGRP (X1,Y1,21,NOP)
IF (NOP .NE.KL)WRITE (*, *)
'"WARNING --- NUMBER OF GRID POINTS INCONSISTENT -',
' EDGE',NE2
WRITE (20, 3001) ITYPE, NE2
DO 30 K=1,KL
WRITE (20, 3004) X1 (K), Y1(K),Z1(K), K
30 CONTINUE
X21=X1 (1)
Y21=Y1 (1)
221=21 (1)
X2L=X1 (KL)
Y2L=Y1 (KL)
72L=21 (KL)

NN

ELSEIF (ITYPE.EQ.Z2) THEN
CALL GETNODES (X1,Y1l,21,NOP)

WRITE (*,2006)NE2
READ (*, *) TENSN
CALL GETSTR(NE1l,ISTR2,BETAl2,BETAZ2)

WRITE (20, 3001) ITYPE,NEZ2

WRITE(20,3002) TENSN

WRITE (20, 3003)NOP

DC 40 I=1,NOP

WRITE (20,3004)X1(I),Y1(I),21(I),1

40 CONTINUE

WRITE (20,3005) ISTR2

IF (ISTR2.NE.4)WRITE (20, 3006)BETAl2

IF (ISTR2.EQ.4)WRITE(20,3007)BETALl2, BETAZ2

X21=X1 (1)

Y21=Y1 (1)

221=21(1)

X2L=X1 (NOP}

Y2L=Y1 (NOP)

Z2L=Z1 (NOP)

@]

ENDIF

Get data for edge NE3:

[oNoKeK®!

WRITE (*,2002)NE3
45 WRITE(*,2003)NE3
READ (*, *) ITYPE
IF (ITYPE.NE.1 .AND. ITYPE.NE.2 .AND. ITYPE.NE.3)GOTO 45

IF(ITYPE.EQ.1)THEN
CALL GETGRP(X1,Y1,21,NOP)
IF (NOP.NE.IL)WRITE(*,*)
/ "WARNING --- NUMBER OF GRID POINTS INCONSISTENT -',
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60

' EDGE',NE3
WRITE (20,3001) ITYPE,NE3
DO 50 I=1,IL

WRITE (20,3004)X1(I),Y¥1(I),21(I),I
CONTINUE

ELSEIF (ITYPE.EQ.2) THEN
CALL GETNODES (X1,Y1,21,NOP)

WRITE (*,2006)NE3
READ (*, *) TENSN
CALL GETSTR(NE3, ISTR3,BETA1l3, BETA23)

WRITE (20, 3001) ITYPE,NE3
WRITE (20,3002) TENSN
WRITE (20, 3003)NOP
DO 60 I=1,NOP
WRITE (20,3004)X1(I),Y1(I),21(1I),1
CONTINUE
WRITE (20,3005) ISTR3
IF (ISTR3.NE.4)WRITE (20, 3006)BETA13
IF (ISTR3.EQ.4)WRITE (20,3007)BETA13, BETA23

ELSEIF (ITYPE.EQ.3) THEN
ITYPE=2
NOF=2
I1=1
I12=2
WRITE(*,2006)NE3
READ (*, *) TENSN
CALL GETSTR(NE3,ISTR3,BETAl3,BETA23)
WRITE (20, 3001) ITYPE,NE3
WRITE(20,3002) TENSN
WRITE (20, 3003)NOP
WRITE(20,3004)Xx11,Y11,211,1I1
WRITE (20,3004)%21,Y21,221,12

X1(1)y=X11
X1{2)=X21
Y1(1l)=Y11l
Y1(2)=Y21
21(1)=z11
21 (2)=221

WRITE (20,3005)ISTR3
IF (ISTR3.NE.4)WRITE (20,3006)BETAl3
IF (ISTR3.EQ.4)WRITE (20,3007) BETAL13, BETA23

ENDIF

TYPE (8+NSRF)=ITYPE
NODES (8+NSRF ) =NOF
TENSION (8+NSRF )} =TENSN3
STRTYPE (8+NSRF)=ISTR3
BETAL (8+NSRF)=BETAL3
BETAZ2 (8+NSRF) =RETAZ3
IF(ITYPE.EC.1) IMAX=IL
IF (ITYPE.ED. 2) IMAX=NOP
DO 70 I=1,IMAX
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X (8+NSRF, I)=X1(I)
Y (8+NSRF, I)=Y1(I)
Z (8+NSRF,I)=21(I)

70 CONTINUE

C

C

C Get data for edge NE4:
C

WRITE (*,2002)NE4
75 WRITE (*,2003)NE4
READ (*, *) ITYPE
IF(ITYPE.NE.1 .AND. ITYPE.NE.2 .AND. ITYPE.NE.3)GOTO 75

C
IF(ITYPE.EQ.1) THEN
CALL GETGRP (X1,Y1,Z1,NOP)
IF (NOP.NE.IL)WRITE (*,*)
/ 'WARNING --- NUMBER OF GRID POINTS INCONSISTENT -',
/ ' EDGE',NE4
WRITE (20,3001) ITYPE, NE4
DO 80 I=1,IL
WRITE (20, 3004)X1(K),Y1(K),21(K),K
80 CONTINUE
C
ELSEIF (ITYPE.EQ.2) THEN
C
CALL GETNODES (X1,Y1,Z21,NOP)
C
WRITE (*,2006)NE4
READ (*, *) TENSN
CALL GETSTR(NE4,ISTR4,BETAl4,BETA24)
C

WRITE (20, 3001) ITYPE, NE4
WRITE (20,3002) TENSN
WRITE (20, 3003)NOP
DO 90 I=1,NOP
WRITE (20,3004)X1(I),Y1(I),21(I),I
90 CONTINUE
WRITE (20, 3005) ISTR4
IF (ISTR4.NE.4)WRITE (20, 3006)BETAl4
IF (ISTR4.EQ.4)WRITE (20, 3007) BETAl4, BETA24

ELSEIF (ITYPE.EQ.3) THEN
ITYPE=2
NOP=2
I1=1
I12=2
WRITE (*,2006)NE4
READ (*, *) TENSN
CALL GETSTR(NE4, ISTR4,BETAl4,BETA24)
WRITE(20,3001) ITYPE, NE4
WRITE (20, 3002) TENSN
WRITE (20, 3003)NOP
WRITE (20, 3004)X1L,Y1L,21L, I1
WRITE (20, 3004)%2L,Y2L, 22L, I2

X1(1)=X1L
X1 (2)=X2L
Y1(i1)y=YiL
Y1(2)=YZL
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Z1(1)=21L

21(2)=22L

WRITE (20,3005) ISTR4
IF(ISTR4.NE.4)WRITE(20,3006)BETA14
IF(ISTR4.EQ.4)WRITE(20,3007)BETA14,BETA24

Cc
ENDIF
C
TYPE (12+NSRF)=ITYPE
NODES (12+NSRF) =NOP
TENSION (12+NSRF)=TENSN4
STRTYPE (12+NSRF)=ISTR4
BETAl (12+NSRF)=BETAl4
BETAZ2 (12+NSRF) =BETA24
IF (ITYPE.EQ.1) IMAX=IL
IF (ITYPE.EQ.2) IMAX=NCP
DO 100 I=1,IMAX
X (164NSRF, I)=X1(I)
Y (16+NSRF, I)=Y1(I)
Z (16+NSRF,I)=21 (1)
100 CONTINUE
C
C
200 CONTINUE
C
C

IF (ITECH.EQ.2) THEN

WRITE(*, ' (////////)")

WRITE (*,*)' Specify stretching parameters for edges'

WRITE (*, *) ' 11, 12, 15 and 16"

WRITE(*, ' (////}")

N2B(1)=11

N2B(2)=12

N2B(3)=15

N2B(4)=16

DO 201 IE=1,4
CALL GETSTR(N2B(IE),ISTR,BETA1lIE,BETAZIE)
WRITE (20,3010) ISTR,N2B(IE)
IF(ISTR.NE.4)WRITE (20,3006)BETALIE
IF (ISTR.EQ.4)WRITE (20,3007)BETALIE,BETAZIE

201 CONTINUE

o~~~ —

C
ELSEIF(ITECH.EQ.4) THEN
c
DO 500 NSRF=3,4
NEl=1+4* (NSRF-1)
NE2=NE1+1
NE3=NE1+2
NE4=NE1+3
C
C
C Write data for edge NE1:
C
WRITE(2C,3001) TYPE(NE1),NEL
IF (TYPE(NELY) .EQ.1) THEN
Do 210 I=1,1IL
WRITE (20, 3004)X(NE1,I),Y(NEL,I),Z2(NEL1,I),I
210 CCONTINUE
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ELSEIF (TYPE(NE1l) .EQ.2) THEN

WRITE (20, 3002) TENSION(NE1)
WRITE (20, 3003) NODES (NE1)
DO 220 I=1,NODES(NE1)
WRITE (20, 3004) X(NE1,I),Y(NE1,I),2(NE1,I),I
220 CONTINUE
WRITE (20, 3005) STRTYPE (NE1)
IF (STRTYPE (NE1) .NE. 4) WRITE (20, 3006) BETAL (NE1)
IF (STRTYPE (NE1) .EQ. 4)
& WRITE (20, 3007) BETA1 (NE1) , BETA2 (NE1)

ENDIF

Write data for edge NE2:

OO0 O

WRITE (20,3001) TYPE (NE2),NE2
IF (TYPE(NE2) .EQ.1) THEN
DO 230 I=1,1IL
WRITE (20, 3004)X(NE2,I),Y(NE2,I),2(NE2,I),I
230 CONTINUE

ELSEIF (TYPE (NE2) .EQ.2) THEN

WRITE (20, 3002) TENSION (NE2)
WRITE (20, 3003)NODES (NE2)
DO 24C I=1,NODES (NE2)
WRITE (20,3004)X(NE2,I),Y(NE2,I),2(NE2,I),I
240 CONTINUE
WRITE (20, 3005) STRTYPE (NE2)
IF (STRTYPE(NE1l) .NE.4)WRITE(20,3006)BETAl (NE2)
IF (STRTYPE (NE1) .EQ.4)

& WRITE (20,3007)BETAL (NE2),BETAZ2 (NE2)
c
ENDIF

C

C

C

C Get datz for edge NE3:

C

305 WRITE(*,2002)NE3

c
WRITE(*, *) 'Enter the following:'
WRITE(*,*)' 1 if grid points are specified'’
WRITE(*,*}' 2 if nodes for splining are specified’
WRITE(*,*})' 3 if you want to let the end points of'
WRITE (*,*)" edges already entered define the curve'
WRITE(*,*)' 4 4if you want to use the end points of'
WRITE (*, *) ! edges already defined but add (by '
WRITE (*, *) typing in directly) some points in '
WRITE (*,*)* between'
WRITE (*, *)
WRITE (*, *)
WRITE (*, *)
WRITE (>, *) 'Enter your choice'
READ(*,*)ITYPE
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320

Q0

(@]

NN

IF (ITYPE.NE.l1 .AND, ITYPE.NE.2 .AND. ITYPE.NE.3
.AND, ITYPE.NE.4)GOTO 305

IF (ITYPE.EQ.1) THEN
CALL GETGRP (X1,Y1,Z1,NOP)
IF (NOP.NE.JL)WRITE(*,*)
'"WARNING --- NUMBER OF GRID POINTS INCONSISTENT -',
' EDGE',NE3
WRITE (20,3001) ITYPE,NE3
DO 310 J=1,JL
WRITE(20,3004)X1(J),Y1(J),21(J),J
CONTINUE

ELSEIF(ITYPE.EQ.2) THEN
CALL GETNODES (X1,Y1l,Z1,NOP)

WRITE (*,2006)NE3
READ {*, *) TENSN
CALL GETSTR(NE3, ISTR3,BETA13,BETAZ3)

WRITE (20, 3001) ITYPE, NE3
WRITE (20, 3002) TENSN
WRITE (20, 3003) NOP
DO 320 I=1,NOP
WRITE (20, 3004)X1(I),¥Y1(I),21(I),I
CONTINU:
WRITE (20, 3005) ISTR3
IF (ISTR3.NE.4)WRITE(20,3006)BETAl3
IF (ISTR3.EQ.4)WRITE(20,3007)BETAl3, BETA23

ELSEIF(ITYPE.EQ. 3) THEN
ITYPE=2
NOP=2
Il=1
I2=2

WRITE (*, 2006)}NE3
READ (*, *) TENSN
CALL GETSTR(NE3, ISTR3,BETA13,BETAZ23)

WRITE (20, 3001) ITYPE, NE3

WRITE (20, 3002) TENSN

WRITE (20, 3003)NOP

WRITE (20,3004)X(NE1,1),Y(NE1l,1),2(NE1,1),I1
WRITE (20,3004)X(NE2,1),Y(NE2,1),2(NE2,1),I2
WRITE (20, 3005) ISTR3

IF (ISTR3.NE.4)WRITE (20, 3006)BETAL3

IF (ISTR3.EQ.4)WRITE (20, 3007)BETAL13, BETA23

ELSEIF(ITYPE.EQ.4)THEN
WRITE (™, *

) '
REZD (*, *) NOF
DO 330 I=1,NOP
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410

CALL GETNEWND (X1,Y¥1,21,I)
CONTINUE
ITYPE=2
NOP=NOP+2
Il=1

WRITE (*,2006)NE3
READ (*, *) TENSN
CALL GETSTR(NE3,ISTR3,BETAl3,BETA23)

WRITE (20, 3001) ITYPE,NE3
WRITE (20, 3002) TENSN
WRITE (20, 3003) NOP
WRITE (20,3004)X(NE1,1),Y(NE1,1),2(NE1,1),I1
DO 340 I=2,NOP-1
WRITE (20,3004)X1(I-1),Y1(I-1),21(I-1),I
CONTINUE ‘
WRITE (20, 3004) X(NE2,1),Y(NE2,1),2(NE2,1),NOP
WRITE (20, 3005) ISTR3
IF (ISTR3.NE.4)WRITE(20,3006) BETAL3
IF (ISTR3.EQ.4)WRITE (20, 3007)BETA13, BETA23

ENDIF

Get data for edge NEA4:

WRITE (*,2002)NE4

WRITE(*,*) 'Enter the following:'

WRITE(*,*)' 1 if grid points are specified’
WRITE(*,*)' 2 if nodes for splining are specified'’
WRITE(*,*)' 3 if you want to let the end points of'
WRITE (*, *)' edges already entered define the curve'
WRITE(*,*)' 4 if you want to use the end points of’
WRITE (*, *) ' edges already defined but add (by '
WRITE (*,*) " typing in directly) some points in '
WRITE (*,*) ' between'

WRITE (*, *)

WRITE (*, *)

WRITE (*, *)

WRITE (*, *) 'Enter your choice'
READ (*, *) ITYPE

IF(ITYPE.NE.1 .AND. ITYPE.NE.2 .AND. ITYPE.NE.3
.AND. ITYPE.NE.4)GOTO 405

IF(ITYPE.EQ.1) THEN
CALL GETGRP (X1,Y1,Z21,NOP)
IF (NOP.NE.JLYWRITE (*, *)
'"WARNING --- NUMBER OF GRID POINTS INCONSISTENT -',
* EDGE',NE4
WRITE (20,3001)ITYPE, NE4
DO 41C J=1,JL
WRITE (20, 3004)X1(J),Y1(J},21(J),d
CONTINUE
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ELSEIF (ITYPE.EQ.Z2)THEN
CALL GETNODES (X1,Y1l,Z21,NOP)

C

WRITE (*, 2006)NE4

READ (*, *) TENSN

CALL GETSTR(NE4,ISTR4,BETAl4,BETA24)
C

WRITE (20, 3001) ITYPE, NE4
WRITE (20, 3002) TENSN
WRITE (20, 3003) NOP
DO 420 I=1,NOP
WRITE(20,3004)X1(I),Y1(I),21(1I),1
420 CONTINUE
WRITE (20, 3005) ISTR4
IF (ISTR4 .NE.4)WRITE(20,3006)BETAl4
IF(ISTR4.EQ.4)WRITE(20,3007)BETA14,BETA24

ELSEIF (ITYPE.EQ.3)THEN
ITYPE=2
NOP=2
I1=1
I12=2

WRITE (*,2006)NE4
READ (*, *) TENSN
CALL GETSTR(NE4, ISTR4,BETAl4,BETA24)

WRITE (20, 3001)ITYPE,NE4

WRITE (20,3002) TENSN

WRITE (20, 3003)NOP

IMAX=IL

IF (TYPE (NE1) .EQ.2) IMAX=NODES (NE1)
WRITE(20,3004)X(NE1,IMAX),Y(NEl,IMAX),Z(NEl,IMAX),Il
IMAX=IL

IF (TYPE (NE2) .EQ.2) IMAX=NODES (NEZ2)
WRITE(ZO,3004)X(NE2,IMAX),Y(NEZ,IMAX),Z(NEZ,IMAX),IZ
WRITE (20, 3005) ISTRY

IF (ISTR4.NE.4)WRITE(20,3006) BETAL4
IF(ISTR4.EQ.4)WRITE(20,3007)BETA14,BETA24

ELSEIF(ITYPE.EQ.4) THEN

WRITE(*,*)' How many nodes do you want to add?!
READ (*, *) NOP
DO 430 I=1,NQP
CALL GETNEWND(X1,Y1,21,T1)
430 CONTINUE
ITYPE=2
NOP=NOF+2
I1=1

ITE(*,2006)NE4
REARD (*, *) TENSN
L1 GETSTR(NE4, ISTR4,BETA14,BETAZ4)

WRITE (20, 30C1)ITYPE, NE4
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WRITE (20, 3002) TENSN
WRITE (20, 3003) NOP
IMAX=IL
IF (TYPE (NE1) .EQ.2) IMAX=NODES (NE1)
WRITE (20, 3004) X (NE1, IMAX), Y (NE1, IMAX), Z (NE1, IMAX), I1
DO 440 I=2,NOP-1
WRITE (20,3004)X1(I-1),Y1(I-1),21(I-1),I
440 CONTINUE
IMAX=IL
IF (TYPE (NE2) .EQ. 2) IMAX=NODES (NE2)
WRITE (20, 3004) X (NE2, IMAX), Y (NE2, IMAX) , Z (NE2, IMAX) , I2
WRITE (20, 3005) ISTR4
IF (ISTR4.NE.4)WRITE (20, 3006) BETAL4
IF (ISTR4.EQ.4)WRITE (20, 3007)BETA14, BETA24

c
ENDIF
500 CONTINUE
ENDIF
cC
2001 FORMAT(/////,' Enter the TYPE for edge ', I2,
$//7.0 Enter:',//,
$! 1 if grid points along the edge are to be ',
$'specified',/," 2 if nodes for splining are to be’,
$' specified',/)
2002 FORMAT(//////7//77/7/7,° SPECIFYING EDGE ',12,///)
2003 FORMAT(/////,' Enter the TYPE for edge ',I2,
$///.! Enter:',//,
s 1 if grid points along the edge are to be ‘',
$'specified',/,' 2 if nodes for splining are to be'’,
$' specified',/,' 3 if end nodes of edges already ',
$'entered AR define the curve completely!',/)
2006 FORMAT(///////,' Enter the TENSION parameter for curve ',I2)
c
3001 FORMAT(' ', I3, Type - EDGE NO: ',1I2,
$| _________________________________________ |)
3002 FORMAT(' ',F6.2," Tension parameter')
3003 FORMAT(' ',I3," Number of nodes')
3004 FORMAT(3X,3(F8.5,3%),' =--',I2)
3005 FORMAT({' ',I3," StretchType')
3006 FORMAT(' ',F8.4," Stretching parameter BETA')
3007 FORMAT(' ',2(F8.4,3X)," Stretching parameters BETAl and',
$' BETA2')
3010 FORMAT(' ',6I3," StretchType ',I2,"' ————————m—w——eo—o ")
C
c
STOP
END
C
C=s==s====ss=s=c=ss==ss===ss=s=====—s================ssc========§
C

SUBROUTINE GETNODES (X1,Y1,Z1,N0OP)
C
C This subroutine reads in and arranges nodal points to define
C an edge.
C
DIMENSION X1(100),Y1(100),21(100)
C
INNUMO=10
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NOP=0

C
WRITE (*, *) 'How many sections is the edge composed of?'
READ (*, *) NOSECT
c
DO 100 ISECT=1,NOSECT
c
INNUM=INNUMO+ISECT
WRITE (*,200) ISECT, INNUM
READ (INNUM, *) NP
WRITE (*,201)NP
READ (*, *)N1
WRITE (*,202)
READ (*, *) N2
o
N12=IABS (N2-N1)+1
NOP=NOP+N12
C
IF(N2.GE.N1)THEN
DC 10 J=1,N1-1
READ (INNUM, *)
10 CONTINUE
C
I=NOP-N12
DO 20 J=N1,N2
I=I+1
READ (INNUM, *)X1(I),Y1(I),21(I)
20 CONTINUE
C
ELSE
C
DO 30 J=1,N2-1
READ (INNUM, *)
30 CONTINUE
C
I=NOP+1
DO 40 J=NZ,N1
I=I-1
READ (INNUM, *) X1 (I),Y1(I),Z1(I)
40 CONTINUE
ENDIF
C

CLOSE (INNUM)
100 CONTINUE

200 FORMAT (' Section ',I2,' will be read in from UNIT',I3)
201 FORMAT (' There are ',I2,' points in the file."',/

/ ,' Enter the number of the point that is to be the',/
/ ,' the first on the current section.')
/

202 FORMAT (' Enter the number of the point that is to be the',/
,' the last on the current section.')

C

RETURN

EXND
C
C===============================================================#
C

SUBRCUTINE GETGRP (X1,Y1l,Z1,NOF)
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This subroutine reads in grid point coordinates for an
edge and stores in either forward or reversed order.

DIMENSION X1(100),Y1(100),21(100)

a0 0000

INNUMO=10
NOP=0
C
WRITE(*, *) 'How many sections is the edge composed of?'
READ (*, *) NOSECT
C
DO S00 ISECT=1,NOSECT
C
INNUM=INNUMO+ISECT
WRITE (*, 200) ISECT, INNUM
READ (INNUM, *) NP
WRITE (*,201)NP
READ (*, *} N1
WRITE (*,202)
READ (*, *)N2
C
N12=IABS (N2-N1)+1
NOP=NOP+N12
C
IF(N2.GE.N1)THEN
DO 10 J=1,N1-1
READ (INNUM, *)
10 CONTINUE
C
I=NOP-N12
DO 20 J=N1,N2
I=I+1
READ (INNUM, *) X1 (I),Y1(I),Z21(I)
20 CONTINUE
C
ELSE
C
DO 60 J=1,N2-1
READ (INNUM, *)
60 CONTINUE
C
I=NOP+1
DC 70 J=N2,N1
I=I-1
READ (INNUM, *)X1(I),¥Y1(I),21 (1)
70 CONTINUE
C
ENDIF

CLOSE (INNUM)
500 CONTINUE

200 FORMAT (' Secticn ',I2,' will be read in from UNIT', I3)

201 FORMAT (' There are ',I2,' grid points in the file.',/
/ ,' Enter the number of the grid point that is to be the',/
/ ,' the first or. the current section.')

40



202 FORMAT (' Enter the number of the grid point that is to be the',/
/ ,' the last on the current section.')

RETURN
END
C
c
C=s============s=s==ssoSss=C==SEssS=ssssss=sosSoSsss=ssSssSSSsSssss ==4
C
C
SUBROUTINE GETNEWND (X1,Y1,21,I)
o
C This subroutine reads in from the screen new points that are
C to be included on the edge.
Cc
DIMENSION X1(100),Y1(100),21(100)
c

WRITE (*,2001) 1
READ (*, *)X1(I),Y1(I),21(I)

C
2001 FORMAT(' Please enter the x, y, and z coordinates for inter-'
/ ,/,' mediate point number ‘',I2)

RETURN
END
C
C
C======================================== m——ms=s==—=============
C
SUBROUTINE GETSTR(NE1l,ISTR,BETAl,BETAZ)
C

C This subroutine reads information regarding stretching function
C along edge NEI.
C
WRITE (*,2011)NE1
WRITE (*,2020)
100 READ (*, *) ISTR 4
IF(ISTR.LT.4 .AND. ISTR.GT.0)THEN
WRITE (*, 2031)NE1
READ (*, *) BETAL
ELSEIF (ISTR.EQ.4) THEN
WRITE (*,2036)NE1
READ (*, *) BETA1l, BETA2
ELSEIF (ISTR.EQ.0)THEN
BETAl=1.1
ELSE
WRITE (*, *) "' Please enter a number from 0 to 4'
GOTO 100 ‘
ENDIF

2011 FORMAT(' Enter the STRETCH TYPE for edge ',12)
2020 FORMAT(/,' Enter: 0 for no stretching',/,

/ 1 for concentration near lower boundary',/,
/! 2 for concentration near upper boundary',/,
/! 3 for concentration near both boundaries',/,
/o (one parameter stretching function)',/,
/! 4 for concentration near both boundaries’',/,
/! (two~parameter stretching function)'

2031 FORMAT(' Enter the stretching parameter (BETA) for edge ',
/ 12)

203¢ /FORMA"(' Enter the stretching parameters (BETAl and BETAZ) ',

‘icr edze ', IZ)

- 2

C
R=TURY
ENZ
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A.4 Listing of EDGE

PROGRAM EDGE

Thi
by

s program generates grid points along an edge which is given
a set of discrete nodes. The edge can be made up of up to

several sections. A parametric tension spline is fit through

eac
suc
NOT

W

$

N

n»

h section. Each section has its own control parameters

h as number of grid points, tension, and stretching functions.

E: Subroutines have been adopted from GRID3D (and modified
slightly) to generate the grid points on the curves.

PARAMETERS:
MxBPts - Maximum number of nodes per section
MxGSiz -~ Maximum number of grid points per section
MxSect - Maximum number of sections
MxBCvs - Should not be modified

PARAMETER (MxBPts=31, MxGSiz=101, MxSect=5, MxBCvs=l)

DIMENSION x (MxSect,MxBPts), y(MxSect,MxBPts),
z (MxSect,MxBPts), zx(MxSect,MxBPts),
zy (MxSect,MxBPts), zz(MxSect,MxBPts),
s (MxSect,MxBPts), Tensn{MxSect)

DIMENSION Diag (MxBPts), OfDiag(MxBPts), Right (MxBPts)

DIMENSION XB(MxGSiz,MxSect), YB(MxGSiz,MxSect),
ZB (MxGSiz,MxSect), StrB(MxGSiz,MxBCvs)

INTEGER NDPts (MxSect), ILS(MxSect), StrTp

WRITE (*,*) " Running PROGRAM EDGE'
WRITE (*,*)
WRITE (*, *)
WRITE(*,*)' The input data will be read in from UNIT 1'
WRITE(*,*)' The output will be written into UNIT 20°'
WRITE (*, *)

WRITE (*, *)

READ (1, *)NOSECT

IL=0
DO 200 is=1,NOSECT
CALL RdSctIn(x,y,z,NDPts,is,Tensn,1l,MxBPts, MuSect,
StrTp,Betal,Beta2, ILS(is))
CALL PTSpln(x,y,z,s,z%,2y,zz,Diag,0fDiag,Right,NDPts,
Tensn(is),is,MxBPts,MxSect)
CARLL CalcStr2(1,ILS(is),StrTp,Betal,Beta?z,
StrB, MxBCvs,MxGSiz)
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CALL EdgGPts(is,1,ILS(is),XB,YB,2B,StrB,x,y,z,S,

S zx,2y,zz,NDPts, Tensn(is),
S MxBCvs,MxBPts,MxGSiz, MxSect)
JL=IL+ILS (is)
200 CONTINUE
IL=IL- (NOSECT-1)
WRITE(20,*)IL," Number of grid points'
IP=0

DO 301 is=1,NOSECT
DO 300 i=1,ILS(is)-1

IP=1P+1
WRITE(20,3001)XB(i,is),¥YB(i,is),2ZB(i,is),IP
300 CONTINUE
301 CONTINUE
1s=NOSECT

1i=ILS (NOSECT)
WRITE (20,3001)XB(i,is),¥YB(i,is),ZB(i,is),IL

C
C
3001 FORMAT(' ',3X,3(F9.6,3%X),' =--- ',I3)

STOP

END
C
C m==ms=sss=s=sssSSSosssssss====== ======= ===== C
C

SUBROUTINE RdSctIn (x,y,z,NDPts,CrvNum, Tensn, InNum, MxBPts, MxSect,

S StrTp, Betal,Beta2, IL)

C

C This SUBROUTINE reads in the information concerning discrete points on
C the boundaries. This information is used for generating spline-fitted
C boundary approximation curves.

C

INTEGER CrvNum, i, NDPts(MxSect), InNum, StrTp, IL
C

REAL x(MxSect,MxBPts), y(MxSect,MxBPts),

$ z (MxSect,MxBPts), Tensn(MxSect)
C

READ (InNum, *) IL

READ (InNum, *) Tensn (CrvNum)

READ (InNum, *} NDPts (CrvNum)
C

DC 10 i=1,NDPts (CrvNum)
READ (InNum, *) x(CrvNum,i), y(CrvNum,i), =z (CrvNum,i)
10 CONTINUE

C
READ (InNum, *)StrTp
IF (StrTp.NE.4) THEN
READ (InNum, *)Betal
ELSE
READ (InNum, *)Betal, Beta2
ENDIF
C
RETURN
END
C
C===========================s=s==========s======ss==s====sss===========(
SUBRCUTINE CalcS (»,v,z,s,NDPts,CrvNum, MxBPts,MxSect)
C
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C This SUBROUTINE calculates the spline parameter, s, as an approximate
C arc length.

C
INTEGER NDPts (MxSect), CrvNum, i

C

REAL x{(MxSect,MxBPts), y(MxSect,MxBPts),

$ z (MxSect,MxBPts), s(MxSect,MxBPts)
C

s (CrvNum, 1)=0.0
C

DO 10 i=2,NDPts (CrvNum)
s (CrvNum, i) =s (CrvNum, i-1)

$ +SQORT( (x(CrvNum,i)-x(CrvNum,i-1))**2
$ +(y (CrvNum, i) -y (CrvNum, i-1) ) **2
$ +(z (CrvNum, i) -z (CrvNum, i-1)) **2)
10 CONTINUE
C
RETURN
END
C
C====s====ss=========s======s====== ==== = = C
SUBROUTINE SplMat (Diag,0OfDiag,Right,w,s,NDPts,T,CrvNum,
s MxBPts,MxSect)
C
C This SUBROUTINE forms the parametric tension spline matrix for a
C particular boundary curve data set.
C
INTEGER 1, NDPts (MxSect), CrvNum
C
REAL Diag (MxBPts), OfDiag(MxBPts), Right (MxBPts}),
S w (MxSect,MxBPts), s(MxSect,MxBPts), T, h, hm
C
Diag(1l)=1.0
OfDiag(1l)=0
Right (1)=0.0
C
DO 10 i=2,NDPts(CrvNum) -1
h=s (CrvNum, i+1)-s (CrvNum, i)
hm=s (CrvNum, 1) -s (CrvNum, i~1)
Diag(i)=(T*COSH(T*hm)/SINH(T*hm)—l/hm+T*COSH(T*h)/SINH(T*h)
$ -1/h)/T**2
OfDiag (i)=(1/h-T/SINH(T*h))/T**2
Right (i)= (w{CrvNum, i+1)-w(CrvNum,1i))/h
S - (w(CrvNum, i) ~w (CrvNum,i-1))/hm
10 CONTINUE
C
Diag (NDPts (CrvNum))=1.0
0fDiag (NDPts (CrvNum)-1)=0.0
Right (NDPts (CrvNum))=0.0
C
RETURN
END
C
C====================s=======ss==ss=====ss===s=============s=========(
SUBRQUTINE SplSlv (Diag,0fDiag,Right,DervZ,NDPts,CrvNum,
$ MxBPts,MxSect)
C
C This SUBRQUTINE solves the diagonally dominant parametric tension
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C spline matrix for a given data set using the Gauss-Seidel iteration.
C Convergence is assumed after 20 iterations.

C
INTEGER i, Jj, NDPts(MxSect), CrvNum
o}
REAL Diag(MxBPts), OfDiag(MxBPts), Right (MxBPts),
$ Derv?2 (MxSect, MxBPts)
C
C Initialize the second derivative matrix to all zeroes.
C

DO 10 i=1,NDPts (CrvNum)
Derv2 (CrvNum,i)=0.0
10 CONTINUE
C
C calculate the second derivative values using 20 iterations of

C the Gauss-Seidel method.

C

DO 30 j=1,20

DO 20 i=2,NDPts (CrvNum)-1
Derv2(CrvNum,i)=(Right(i)—OfDiag(i)*Derv2(CrvNum,i+1)
$ -0fDiag(i-1) *Derv2 (CrvNum, i-1))
$ /Diag (i)
20 CONTINUE
30 CONTINUE

C

RETURN

END
C
C===========s=s=s===sSs==S=SssSsS=SSsss=s=ss ===========C

FUNCTION Splval (s,w,Deer,sval,T,n,CrvNum,MxBPts,MxSect)
C
C This real function finds the w-value (x-value or y-value) corresponding
C to a specified s-value using the parametric tension spline curve
C generated for a particular boundary curve data set.
C

INTEGER n, CrvNum
C

REAL s (MxSect,MxBPts), w (MxSect,MxBPts), Derv2 (MxSect,MxBPts),

$ sval, T, h, Interim, Templ, Temp2
C
C

Templ=sval-s (CrvNum, n)

h=s (CrvNum, n+1) -s (CrvNum, n}

Temp2=s(CrvNum,n+1)—sval

Interim=Derv2 (CrvNum,n)/T**2*SINH(T*Temp2)/SINH(T*h)

$ +(w(CrvNum,n)-Derv2(CrvNum,n)/T**Z)*TempZ/h

Spral=Interim+Derv2(CrvNum,n+l)/T**2*SINH(T*Temp1)

$ /SINE{T*h)+ (w(CrvNum,n+l)

$ -Derv2 (CrvNum, n+l) /T**2) *Templ/h
C

RETURN

END
C
C====================================================================C

SUBRROUTINE PTSpln(x,y,z,s,XDerv2,YDerv2,ZDerv2,Diag,OfDiag,

S Right,NDPts,Tensn,CrvNum,MxBPts,MxSect)
C

C This SUBROUTIKE forms the main routine for the parametric tension
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C spline process.

INTEGER NDPts (MxSect), CrvNum

C
REAL Diag (MxBPts), OfDiag(MxBPts), Right (MxBPts),
S XDerv2 (MxSect,MxBPts), YDerv2 (MxSect,MxBPts),
$ ZDerv2 (MxSect,MxBPts), Tensn,
$ x (MxSect,MxBPts), y(MxSect,MxBPts),
S z (MxSect,MxBPts), s(MxSect,MxBPts)
C
C
CALL CalcS(x,y,z,s,NDPts,CrvNum, MxBPts,MxSect)
CALL SplMat (Diag,OfDiag,Right,x,s,NDPts, Tensn,CrvNum,
$ -~ MxBPts,MxSect)
CALL SplSlv(Diag,OfDiag, Right,XDerv2,NDPts,CrvNum, MxBPts, MxSect)
CALL SplMat (Diag,0OfDiag,Right,y,s,NDPts, Tensn, CrvNum,
$ MxBPts,MxSect)
CALL SplSlv(Diag,OfDiag,Right, YDerv2,NDPts,CrvNum, MxBPts,MxSect)
CALL SplMat (Diag,0OfDiag,Right, z, s,NDPts, Tensn, CrvNum,
S MxPts,MxSect)
CALL SplSlv(Diag,0OfDiag,Right, ZDerv2,NDPts,CrvNum, MxBPts, MxSect)
C
RETURN
END
C
C========= =Essssssssssss=sssSsSss SesEssssssssssssss===== C
SUBROUTINE SplInt (n,s,SValue,NDPts,CurCrv,MxBPts,MxSect)
C
C This SUBROUTINE finds the proper interval in which a point on a specified
C boundary lies. The interval indicates which initial data points the
C point in question lies between and thus which spline coefficients to
C use.
C
C
INTEGER i, n, CurCrv, NDPts (MxSect)
C
REAL Temp, SValue, s{(MxSect,MxBPts)
c
n=1
i=NDPts (CurCrv)
c
10 IF ((n.EQ.1) .AND.(1i.GT.1l)) THEN
I=1-1
Temp=SValue-s (CurCrv,i)
c
IF (Temp.GT.0.0) THEN
n=i
ENDIF
C
GOTO 10
ENDIF
C
RETURN
END
C
Cem==m=s==ccoosos=====s===o===sesssosssss==s=========================(
SUBROUTINE FAlNew(AlNew,Alpha,B, Str)
C
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C This SUBROUTINE computes the new Alpha value after stretching as
C AlNew. Alpha is a dummy variable representing either Xi, Eta or Zeta.
C

INTEGER Str

C
REAL Alpha, Templ, Temp2, B2, AlNew, B
C
AlNew=Alpha
Templ=(B+1)/ (B-1)
C
IF (Str.EQ.1) THEN
Temp2=Templ** (1-Alpha)
AlNew=((B+1) - (B-1) *Temp2) / (Temp2+1) *1
ENDIF
C
IF (Str.EQ.2) THEN
B2=0
Temp2=Templ** ( (Alpha-B2)/(1-B2))
AlNew=( (B+2*B2) *Temp2-B+2*B2) / ( (2*B2+1) * (1+Temp2) )
ENDIF
c
IF (Str.EQ.3) THEN
B2=0.5
Temp2=Templ** ((Alpha-B2)/(1-B2))
AlNew= ( (B+2*B2) *Temp2-B+2*B2) / ({2*B2+1) * (1+Temp2) )
ENDIF
c
RETURN
END
C
C=s=========s====s==s=s========== ========= C
SUBROUTINE CalcStr2(EdgNum,NGPts,Ster,Betal,BetaZ,
$ StrB,MxBCvs,MxGSiz)
C
C This subroutine calculates the distribution function base on the
C stretching parameters 'StrTp' and 'Beta'
c
INTEGER NGPts, StrTp, EdgNum, i
cC
REAL StrB(MxGSiz,MxBCvs), Betal, Beta2, A, B, D2
o

StrB (1, EdgNum)=0.
IF(StrTp.LlE.3)THEN
DO 10 i=1,NGPts-1
Alpha=(i-1.)/(NGPts-1.)
CALL FAlNew (AlNew, Alpha,Betal, StxTp)
StrB (i, EdgNum)=AlNew
10 CONTINUE
ELSEIF (StxrTp.EQ.4) THEN
CALL Str4Prm(Betal,Beta2,’,B,DZ)
DO 20 i=2,NGPts-1
Alpha={(i-1.)/(NGPts-1.)
CALL Str4 (AlNew,Alpha,A,B,D2)
StrR (i, EdgNum)=AlNew
20 CONTINUE
ENDIF
StrB (NGPts,EdgNum)=1.
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END
C
C s====== = ===== C
SUBROUTINE EdgGPts (CrvNum, EdgNum, NGPts,XB,YB, 2B, StrB,
$ X,Y,2,5,2X,2y,22,NDPts, Tensn,
S MxBCvs, MxBPts,MxGSiz,MxSect)
C

C This subroutine calculates the grid point location along an edge
C based on a spline curve fitted through specified nodal points and a
C given distribution function.

C
INTEGER CrvNum, EdgNum, NGPts, NDPts(MxSect), i, n

C
REAL XB (MxGSiz,MxSect), YB(MxGSiz,MxSect), 2ZB(MxGSiz,MxSect),
S StrB (MxGSiz,MxBCvs), x(MxSect,MxBPts), y{MxSect,MxBPts),
$ z (MxSect,MxBPts), zx(MxSect,MxBPts), zy(MxSect,MxBPts),
$ zz (MxSect, MxBPts), s{(MxSect,MxBPts), Tensn

C
SRa=S (CrvNum, NDPts (CrvNum) )

C

DO 10 i=1,NGPts
SB=SRa*StrB (i, EdgNum)
CALL SpliInt(n,s,SB,NDPts,CrvNum, MxBPts,6 MxSect)
XB (i, CrvNum)=Splval (s, x,zx,SB, Tensn,n,CrvNum, MxBPts,MxSect)
YB (i, CrvNum)=Splval(s,y,zy,SB, Tensn,n,CrvNum, MxBPts,6 MxSect)
ZB (i, CrvNum)=Splval(s,z,zz,SB, Tensn,n,CrvNum, MxBPts, MxSect)
10 CONTINUE

C
RETURN
END
C
C============================ ____ _—EmmEEEEEEETE ===
SUBROUTINE Str4Prm(S0,S1,A,B,DZ)
C
REAL SO, S1, A, B, DZ, Y, PI
C
C This subroutine calculates the parameters A, B, and DZ for the two-
C sided Vinokur stretching function.
C
PI=ACOS(-1.)
C
A=SQRT (S0/S1)
B=SQRT (50*S1)
C

IF(B.GT.1.001)THEN
IF(B.LE.2.7829681) THEN

Y=B-1
DZ=SQRT(6.*Y)*(1.-0.15*%Y+0.057321429* (Y**2)
$ -0.024907295* (Y**3)+0.0077424461* (Y**4)
$ -0.0010794123* (Y**5))
ELSEIF(B.GT.2.7829681) THEN
V=L0G (B)

W=1./B - 0.028527431
DZ=V+(1.41./V)*LOG(2.*V}~0.02041793+0.24902722*W
S +1.9496443*% (W**2)-2.6294547* (W**3)+8.56795911* (W**4)
ENDIF
ELSEIF(B.LT.0.999) TEER
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OO0 @]

IF(B.LE.0.26938972) THEN
DZ=PI*(1.-B+B**2-(1.+(PI**2)/6.)*(B**3)+6.794732* (B**4)

$ -13.205501*(B**5)+11.726095* (B**6) )
ELSE
Y=B-1
DZ2=SQRT (6.*Y) *(1.+0.15*Y+0.057321429* (Y**2)
$ +0.048774238* (Y**3)-0.053337753* (Y**4)
S +0.075845134* (Y**5))
ENDIF
ENDIF
RETURN
END

(@]

REAL AlNew, Alpha, A, B, DZ, U, T

This subroutine calculates the value of the two-sided Vinokur
stretching function based on the value of the parameters A, B,
and DZ, and on the value of the "computational” coordinate Alpha.

IF(B.GT.1.001) THEN
U=0.5+TANH (DZ* (Alpha-0.5))/(2.*TANH(DZ/2.))
ELSEIF(B.LT.0.999) THEN
U=0.5+TAN(DZ* (Alpha-0.5))/(2.*TAN(DZ/2.))
ELSE
U=Alpha*(1.+2.*(B-1)*(Alpha-0.5)* (1-Alpha))
ENDIF
T=U/ (A+ (1.-3) *U)
AlNew=T

RETURN
END
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C

A.5 Listing of EDGPREP

PROGRAM EDGPREP

PARAMETER (MxNode=100)
INTEGER ISTR, ILS,NOP

REAL TENSION,BETAl,BETAZ,
X1 (MxNode), Y1 (MxNode), 21 (MxNode)

C This program prepares input files for EDGE by reading the
C necessary information from the screen and from files.

C

20

WRITE (*
WRITE (*
WRITE (*

¢ %)

¢ *)

¢ *)

WRITE (*,*)'This program prepares an input file for the program'
WRITE (*, *) 'EDGE. EDGE generates the grid point coordinates on'
WRITE (*,*)'a curve given by a set of nodes through which'
WRITE (*, *) 'a spline curve can be fitted. The spline curve can'
WRITE (*, *) 'be made up from several sections.'

WRITE (*, *)

WRITE (*,*) 'Enter the number of sections'

WRITE (*, *)

READ (*, *) NOSECT

WRITE (*, *)

WRITE (*, *)

WRITE (*, *) 'The data will be written into UNIT 20'
WRITE (20, *)NOSECT, ' Number of sections'

DO 100 is=1,NOSECT
WRITE (*, *)
WRITE (*, *)

WRITE (*, *)
WRITE (*, *)
WRITE(*, *) 'Now enter data for section number',is
WRITE(*,*)

WRITE (*, *) 'Enter number of grid points to be on the section’

WRITE (*, *)

READ (*, *) ILS

CALL GETNODES (X1,Y1l,21,NOP,MxNode)

WRITE(*,2001)1s
READ (*, *) TENSION
CALL GETSTR(is, ISTR,BETAl,BETAZ2)

WRITE (20, 3001) ILS, is
WRITE(22,3002) TENSION
WRITE (20, 3003)NOP
DO 20 I=1,NCF

WRITE (20, 3004)X1(I),Y1(I),21(1I),1
CONTINUE
WRITE (20, 3005)ISTR

50



IF (ISTR.NE.4)WRITE (20, 3006) BETAL
IF(ISTR.EQ.4)WRITE(20,3007)BETA1,BETA2

C
100 CONTINUE
C
C
C
2001 FORMAT(//,' Enter the TENSION parameter for section ',I2)
3001 FORMAT(' ',I3,' No of gridpts: Section ',I2,
$| ________________ |)
3002 FORMAT(' ',F6.2,' Tension parameter')
3003 FORMAT(' ',I3,' Number of nodes')
3004 FORMAT(3X,3(F8.5,3X),"' -—=1,12)
3005 FORMAT(' ',I3,' StretchType')
3006 FORMAT(' ',F8.4,°' Stretching parameter BETA')
3007 FORMAT(' ',2(F8.4,3X)," Stretching parameters BETAl and’',
$' BETAZ2')
C
C
STOP
END
C
(=============s========s===s======= ==== ¥
C

SUBROUTINE GETNODES (X1, Y1, 2Z1,NOP,MxNode)
C
C This subroutine reads in and arranges nodal points to define
C two parallel curve sections (one on each blade surface).
C
DIMENSION X1 (MxNode), Y1 (MxNode), Z1 (MxNode)
C
INNUM0O=10
NOP=0
PI=ACOS({-1.)

WRITE (*, *) 'The data for the section can be read in several'
WRITE(*, *) 'parts, where each part is a single node point or a'
WRITE (*, *) 'series of node points. Note, the node points can'
WRITE (*, *) 'be read in both forward and reverse order from'
WRITE (*,*) 'the input files.'

WRITE (*, *)
WRITE (*, *) 'How many parts is the section composed of?'’
READ (*, *) NOSECT

DO 100 ISECT=1,NOSECT

INNUM=INNUMO+ISECT
WRITE(*,200)ISECT, INNUM
READ (INNUM, *) NP

WRITE (*,201)NP
READ (*, *)N1

WRITE (*,202)
READ (*, *) N2

N12=IAES (N
NOP=NCFP+N1

IF(NZ.GE.N1)THEN
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40
C
100
C

200
201

202

/
/

DO 10 J=1,N1-1
READ (INNUM, *)
CONTINUE

I=NOP-N12
DO 20 J=N1,N2

I=I+1

READ (INNUM, *) X1 (I),Y1(I),21(I)
CONTINUE

ELSE

END

DO 30 J=1,N2-1
READ (INNUM, *)
CONTINUE

I=NOP+1
DO 40 J=NZ,N1
I=I-1
READ (INNUM, *) X1(I),¥1(I),21(I)
CONTINUE
IF

CLOSE (INNUM)

CONTIN

FORMAT
FORMAT
' En
' th
FORMAT
;' th

UE

(' Part ',I2,' will be read in from UNIT',I3)

(* There are ',1I2,' node points in the file.',/

ter the number of the node point that is to be the',/

e first on the current part.')

(' Enter the number of the node point that is to be the',/
e last on the current part.')

SUBROUTINE GETSTR(NE1l, ISTR,BETAl, BETAZ)

C This subroutine reads information regarding the stretching function
C along curve section NE1.

C

100

WRITE (
WRITE (
READ (*

*,2011)NE1
*,2020)
; *)ISTR

IF(ISTR.LT.4 .AND. ISTR.GT.OQ)THEN

WRI

TE (*,2031)NE1

READ (*, *) BETAL

ELSEIF
WRI

(ISTR.EQ.4)THEN
TE (*,2036)NE1

READ (*, *) BETAl, BETAZ
ELSEIF (ISTR.EQ.0O) THREN
BETAl=1.1

ELSE
WRI
GOT

ENDIF

TE(*, *} ' Please enter a number from 0 to 4!
C 100
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C
2011 FORMAT(' Enter the
2020 FORMAT(/,' Enter:

/! 1 for
/! 2 for
/! 3 for
/" 4 for
2031 FORMAT(' Enter the

/ I2)
2036 FORMAT(' Enter the

/ 'for section ',12)

RETURN
END

STRETCH TYPE for section',I2)

0 for no stretching',/,
concentration near lower boundary’,/,
concentration near upper boundary',/,
concentration near both boundaries',/,
two-parameter stretching function')

stretching parameter (BETA) for section

stretching parameters (BETAl and BETAZ2Z)
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A.6 Listing of GRIDTST

PROGRAM GRIDTST
PARAMETER (IM=11,JM=51,KM=151)

Th

is program is used to test whether all Jacobians for a grid

system are positive.

[eXeK®) @] QOO0 0000

[@N1,]

[N K X®]

10
20
30

/

DIMENSION X (IM,JM,KM),Y (IM,JM,KM), 2 (IM, JM, KM)

DIMENSION DXDXI (IM),DXDET (IM),DXDZET (IM),DYDXI (IM),DYDET (IM)
,DYDZET (IM),D2ZDXI (IM),DZDET (IM) ,DZDZET (IM)

Read in the grid point coordinates.

READ (1, *) IL
READ (1, *)JL
READ (1, *)KL
DO 5 I=1,IL
DO 5 J=1,JL
DO 5 K=1,KL
READ (1, *)X(I,J,K}),¥(I,J,K),Z(I,J,K)
CONTINUE

DXI=1./FLOAT(IL)
DET=1./FLOAT (JL)
DZET=1./FLOAT (KL)

Calculate the metric coefficents at the regular grid points.

INEG=0
DO 30 K=1,KL
DO 20 J=1,JL
CALL DDXIJK (DXI,IL,JL,KL,X,Y,2,J,K
,DXDXI,DYDXI,DZDXI, IM, JM, KM)
CALL DDETJK(DET, IL,JL,KL,X,Y,2,J,K
,DXDET, DYDET,DZDET, IM, JM, KM)
CALL DDZETJK(DZET,IL,JL,KL,X,Y,2,J,K
,DXDZET, DYDZET, DZDZET, IM, JM, KM)

DO 10 I=1,IL
RJACB=
(DXDXI (I)* (DYDET(I)*DZDZET (I)-DZDET(I)*DYDZET (I))
+DYDXI (I)* (DZDET (I) *DXDZET (I)-DXDET (I) *DZDZET (I))
+DZDXI (1) * (DXDET (I) *DYDZET (I)-DYDET (I)*DXDZET (I))
IF (RJACE.LE.D)WRITE (2, 50)I,J, K, RJACB
IF (RJACE.LE. () INEG=INEG+1
CONTINUE
CONTINUE
CONTINUE
IF (INEG.GT.0)RRITE (%, *) ' NEGATIVE JACOBIANS FOUND'

)
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C
C
RETURN

50 FORMAT (' ', '(i,3,k)=(',2(i3,',"),i3,") "', J="',el6.8)

END

e NS KS]

SUBROUTINE DDXIJK(DXI,IL,JL,KL,X,Y,2,J,K,DXDXI
/ ,DYDXI,DzDXI, IM, JM,KM)

coordinates.

o000 000

This subroutine calculates the derivatives of X, ¥, and Z
(i.e., the coordinates of the Cartesian coordinate system)
with respect to the coordinate XI of the transformed

DIMENSION X (IM,JM,KM),Y (IM,JM,KM), 2 (IM, M, KM)
/ ,DXDXI(IM),DYDXI (IM),DZDXI (IM)

[oNONQ]

DXI2=2.*DXI

DXDXI(1)=(-X(3,J,K)+4.*X(2,J,K)-3.*X(1,J,K))/DXI2
DYDXI(1)=(-Y(3,J,K)+4.*Y(2,J,K)=-3.*Y(1,J,K))/DXI2
DZDXI(1)=(-2(3,J,K)+4.*2(2,J,K)-3.*2(1,J,K))/DXI2

DO 10 I=2,IL-1

DXDXI(I)=(X(I+1,J,K)-X(I-1
DYDXI(I)=(Y(I+1l,J,K)-Y(I-1
DZDXI(I)=(Z(I+1,J,K)-2(I-1

10 CONTINUE
C

,J,K))/DXI2
,J,K))/DXI2
,J,K))/DXI2

DXDXI(IL)=(3.*X(IL,J,K)-4.*X(IL-1,J,K)

/

+ X(IL-2,J3,K))/DXI2

DYDXI(IL)=(3.*Y(IL,J,K)-4.*Y{IL-1,J,K)

/

+ Y(IL-2,J,K))/DXI2

DZDXI(IL)=(3.*Z(IL,J,K)-4.*2(IL-1,J,K)

/

RETURN
END

+ Z(IL-2,J,K))/DXI2

SUBRQUTINE DDETJK(DET,IL,JL,KL,X,Y,Z2,J,K,DXDET
/ ,DYDET,DZDET, IM, JM, KM)

coordinates.

o000

DIMENSION X (IM,JM,KM),Y(IM,JM,KM),Z(IM,JM, KM)
/ ,DXDET(IM),DYDET (IM),DZDET (IM)
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DET2=2.*DET
IF(J.EQ.1)THEN
DO 10 I=1,IL

DXDET (I)=(-X(I,J+2,K)+4.*X(I,J+1,K)

/ -3.*X(I,J,K))/DET2
DYDET(I)=(-Y(I,J+2,K)+4.*Y(I,J+1,K)

/ -3.*Y(I,J,K))/DET2
DZDET (I)=(-2(I,J+2,K)+4.*Z2(I,J+1,K)

/ -3.*2(1,J,K))/DET2

10 CONTINUE

ELSE IF(J.EQ.JL)THEN
DO 20 I=1,IL

DXDET(I)=(3.*X(I,J,K) - 4.*X(I,J-1,K)

/ +X(I,J-2,K))/DET2
DYDET(I)=(3.*Y(I,J,K) - 4.*Y(I,J-1,K)

/ +Y(I,J-2,K))/DET2
DZDET(I)=(3.*Z2(I,J,K) - 4.*Z2(I,J-1,K)

/ +Z2(I,J-2,K))/DET2

20 CONTINUE

ELSE
Do 30 1=1,1IL
DXDET (I)=(X(I,J+1,K)~-X(I,J-1,K))/DET2
DYDET(I)=(Y(I,J+1,K)-Y¥(I,J-1,K))/DET2
DZDET(I)=(Z(I,J+1,K)-2(I,J-1,K))/DET2
0 CONTINUE

ENDIF

OO0 Ow

RETURN
END

[OXe@]

SUBROUTINE DDZETJK(DZET,IL,JL,KL,X,Y,Z,J,K,DXDZET
/ ,DYDZET,DZDZET, IM, JM, KM)

This subroutine calculates the derivatives of X, ¥, and 2
(i.e., the coordinates of the Cartesian coordinate system)
with respect to the coordinate ZETA of the transformed
coordinates.

o000

DIMENSION X (IM,JIM,KM),Y(IM,JIM,KM), 2 (IM,JIM, KM)
/ ,DXDZET (IM),DYDZET (IM),DZDZET (IM)

DZET2=2,*DZET
IF(K.EQ.1)THEN
DO 10 I=1,IL

DXDZET (I)=(-X(I,J,K+2)+4.%X(I,J, K+1)

/ -3.*X(1,J,K))/DZET2
DYDZET(I)=(-Y(I,J,K+2)+4.*Y(I,J, K+1)

/ -3.*Y(I,J,K))/DZET2
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OO0 O w

DZDZET(I)=(-2(I,J,K+2)+4.*2(I,J,K+1)

CONTINUE

-3.*z2(1,J,K))/DZET2

ELSE IF (K.EQ.KL)THEN
DO 20 I=1,IL
DXDZET(I)=(3.*X(I,J,K) - 4.*X(I,J,K-1)

+X(I,J,K-2))/DZET2

DYDZET(I)=(3.*Y(I,J,K) - 4.*¥(I,J,K-1)

+Y(I,J,K-2))/DZET2

DZDZET(I)=(3.*2(I,J,K) - 4.*2(I,J,K-1)

CONTINUE

ELSE

+2(1,J,K-2))/DZET2

DO 30 I=1,IL

DXDZET (I)=(X(I,J,K+1)-X(I,Jd,

) /DZET2

K-1)
DYDZET(I)=(Y(I,J,K+1)-Y(I,J,K-1))/DZET2
K-1)

DZDZET (I

CONTINUE

ENDIF

RETURN
END

y=(z2(I1,J,K+1)-2(I,J, } /DZET2
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Appendix B -- LISTING OF PROGRAM GRID3D-v2

PROGRAM GRID3D

OO0 a0

INTEGER CrvNum,
StrXi, StrEt,
i, j, k, NDPts(4),

NGPts (MxBCvs),

SrfNum,

AN 4n

REAL EtStep, XiStep,
SigmaXi, SigmakEt,
KXil, KXi2, KEtal,
BetaXi, BetakEt,
hl (MxGSiz),
h5 (MxGSiz),

k2 (MxSrfs,MxGSiz),
SigmaAA (MxSrfs),

X1 (MxGSiz),
Y1l (MxGSiz),

1(MxGSiz),
StrB (MxGSiz,MxBCvs),

EtStl16(MxGSiz),

WL nnnnnnonrnnynn

REAL

PXS1PE (MxGSiz,MxGSiz),
PYS1PE (MxGSiz,MxGSiz),
PZS1PE (MxGSiz,MxGSiz),
PXS3Zt (MxGSiz,MxGSiz),
PYS3Zt (MxGSiz,MxGSiz),
PZS3Zt (MxGSiz,MxGSiz),
Tensn(4),
Diag (MxBPts),
XDervZ2 (4,MxBPts),
ZDerv2 (4,MxBPts),
x(4,MxBPts),
z (4,MxBPts),
z%x (4, MxBPts),
z (4, MxBPts)

REAL

NSurfs,
Strzt,
AAL (MxSrfs),

Type,

ZtStep,
SigmaZzt,

KEta2, KZetal,
BetalZt,
h2 (MxGSiz),
h6 (MxGSiz),
kS (MxSrfs,MxGSiz,MxGSiz)},
k3 (MxSrfs,MxGSiz),
SigmaBB (MxSrfs}),
XB(MxGSiz,4),YB(MxGSiz, 4),ZB(MxGSiz,4),
X2 (MxGSiz),
Y2 (MxGSiz),
Z2 (MxGSiz),

PARAMETER (MxSrfs=4, MxBCvs=16, MxBPts=21, MxGSiz=31)

This SUBROUTINE generates a three-dimensional grid system using the
"two-boundary" or “four-boundary" algebraic grid generation techniques.
Boundary surface edge curves are formed from sets of nodal points by
using parametric tension splines.
using the "bi-directional 3-D Hermite interpolation" technique.

Boundary surfaces are formed by

InNum, OutNum,

StrAA, StrBB, II, JJ, KK, AL, BL,
BBL (MxSrfs),

StrTp, EdgNum, ZoneNo

AAStep, BBStep,

KZeta?2,

BetaAA, BetaBB,

h3(MxGSiz), h4 (MxGSiz),

h7 (MxGSiz), h8 (MxGSiz),

k1l (MxSrfs,MxGSiz),

k4 (MxSrfs,MxGSiz),

X3 (MxGSiz),
Y3 (MxGSiz),
Z3 (MxGSiz),

X4 (MxGSiz),
Y4 (MxGSiz),
24 (MxGSiz),

EtStll (MxGSiz),EtSt12 (MxGSiz),EtStl15(MxGSiz),
ZtSt1 (MxGSiz), 2tSt2 (MxGSiz),
ZtSt5(MxGSiz) , 2tSt6 (MxGSiz)

PXS2PE (MxGSiz,MxGSiz),
PYS2PE (MxGSiz,MxGSiz),
PZS2PE (MxGSiz,MxGSiz),
PXS4Zt (MxGSiz,MxGSiz),
PYS4Zt (MxGSiz,MxGSiz),
PZS472t (MxGSiz,MxGSiz)

OfDiag (MxBPts), Right (MxBPts),
YDerv2 (4, MxBPts),

y (4, MxBPts),
s(4,MxBPts),
zy (4, MxBPts),

REAL PX1PBB (MxGSiz),
PY1PBB (MxGSiz),
PZlPBB(MhGSlz),
PX1PAA (MxGSiz),
PylpAA(Mx Siz),
PZ1PARA (MxGSiz),

Ly N A\ NN An L A A AN D

PX2PBB(MxGSiz),
PYZ2PBB (MxGSiz),
PZ2PBB (MxGSiz),
PX2PAA (MxGSiz),
PYZ2PAA (MxGSiz),
PZ2PAA (MxGSiz),
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OO0 Q00000

OO0

PX3PBB (MxGSiz), PX4PBB{(MxGSiz),
PY3PBB (MxGSiz), PY4PBB({MxGSiz),
PZ3PBB (MxGSiz), PZ4PBB(MxGSiz),
PX3PAAR (MxGSiz), PX4PAA(MxGSiz),
PY3PAA (MxGSiz), PY4PAA(MxGSiz),
PZ3PAA (MxGSiz), PZ4PAA(MxGSiz),
XS (MxSrfs,MxGsiz,MxGsiz),

YS (MxSrfs,MxGsiz,MxGsiz),

7S (MxSrfs,MxGsiz,MxGsiz),

XPnt (MxGSiz,MxGSiz MxGSiz),
YPnt (MxGSiz,MxGSiz,MxGSiz),
ZPnt (MxGSiz,MxGSiz,MxGSiz)

EOROEHROELELEOGEHEOHENHEH XS]

EQUIVALENCE (XB(1,1),X1(1)), (¥YB(1,1),¥1(1)),(Z2B(1,1),21(1)),
$ (XB(1,2),X2(1)), (YB(1,2),Y2(1)), (2B(1,2),22(1)),
$ (XB(1,3),X3(1)), (YB(1,3),Y3(1)), (2B(1,3),23(1)),
$ (XB(1,4),X4(1)),(YB(1,4),Y4(1)),(2B(1,4),24(1))

EQUIVALENCE (StrB(1,1),2tSt1(1l)), (StrB(1,2),2tSt2(1)),
$ (StrB(1,5),2tSt5(1)), (StrB(1,6),2tSt6(1)),
$ (StrB(1,11) ,EtSt11(1)), (StrB(1,12),EtSt12(1)),
$ (StrB(1,15),EtSt15(1)), (StrB(1,16),EtSti6(l))

Specify input and output device unit numbers for Region 1. This is
convenient for running the program on a PC. For a mainframe, you will
need to use the FORTRAN OPEN and CLOSE statements or alter the input
to use a namelist.

InNum="7
QutNum=8

Read in the grid control information.

CALL RdGrIn(II,JJ,KK,NSurfs,SigmaXi, SigmaEt,SigmaZzt,

5 kXil,kXi2,kEtal,kEta2,kZetal, kZeta2, InNum)
Set various parameters for the grid generation routines.

CALL KFctrs(l,kS,k1,k2,k3,k4,kXil, kXi2, kEtal, kEtaz,

S kZetal, kZeta2,MxSrfs, MxGSiz)
AAL (1)=KK
AARL(2)=KK
AAL(3)=1I
AAL(4)=I1
BRL(1)=II
BBL(2)=1I
BBRL(3)=JJ
BBRL(4)=JJ

Sigmaai (1)=Sigmalt
Sigmadi (2)=Sigmait
SigmakAi (3)=SigmaXi
SigmaAA (4)=SigmaXi
SigmaBB (1)=SigmaXi
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OO0 0

OO0 00

OO0

SigmaBB (2)=SigmaXi
SigmaBB (3)=SigmaEt
SigmaBB (4)=SigmaEt
NGPts (1) =KK

NGPts (2)=KK

NGPts (3)=II

NGPts (4)=II

NGPts (5)=KK
NGPts (6) =KK
NGPts (1) =11

NGPts (8)=II

NGPts (9)=I1

NGPts (10)=II

NGPts (11)=JJ
NGPts (12)=JJ
NGPts (13)=II

NGPts (14)=II

NGPts (15)=JJ
NGPts (16)=JJ

Calculate the grid point spacings in the transformed domain.

XiStep=1.0/(II-1)
EtStep=1.0/(JJ-1)
ZtStep=1.0/ (KK-1)

Calculate the boundary surface grid point locations for each surface.
DO 40 SrfNum=1,NSurfs

Read in the edge curve nodal points and form the boundary surface
edge curves for surface SrfNum by splining.

DO 30 CrvNum=1, 4
EdgNum= (SrfNum-1) *4 + CrvNum
READ (InNum, *) Type
IF(Type.EQ.1) THEN
CALL RdAGrPIn(NGPts (EdgNum), XB, YB, ZB, CrvNum, MxGSiz, InNum)
CRLL CalStl (NGPts (EdgNum),XB, YB, ZB, CrvNum, EdgNum,
$ StrB, MxBCvs,MxGSiz)
ELSE
CALL RdCvIn(x,y,z,NDPts,CrvNum, Tensn, InNum, MxBPts,
StrTp, Betal,Beta2)
CALL PTSpln(x,y,2z,S,2x%,2y,2z,Diag,0fDiag,Right,NDPts,
Tensn (CrvNum) , CrvNum, MxBPts)
CALL CalSt2 (EdgNum,NGPts (EdgNum),StrTp,Betal,Beta2,
StrB, MxBCvs,MxGSiz)
CALL EdgGPts (CrvNum, EdgNum, NGPts (EdgNum) , XB,YB, ZB, StrE,
X,Y,2,8,2X,2yY,22,NDPts, Tensn (CrvNum),
MxBCvs, MxBPts, MxGSiz)

mn n »n 0

ENDIF
30 CONTINUE

Calculate the boundary surface edge derivative values for surface Srfikum.

CALL EdgDer (PX1PRA,PX2PAR,PY1PAA,PY2PAA,PZ1PAA,PZ2PAA,
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$ PX3PBB,PX4PBB,PY3PBB,PY4PBB,PZ3PBB,PZ4PBB,
$ Xl,X2,X3,X4,Y1,Y2,Y3,Y4,Zl,ZZ,Z3,Z4,
$ AAL(SrfNum),BBL(SrfNum),MxGSiz)
C
C Calculate the boundary surface grid point locations for surface SrfNum.

C
CALL Twand(XS,YS,ZS,SrfNum,AAL(SrfNum),BBL(SrfNum),

$ SigmaBB(SrfNum),kl,kZ,StrB,
$ hl,h2,h3,h4,X1,X2,X3,X4,
$ Yl,Y2,Y3,Y4,Zl,22,Z3,Z4,PX1PBB,PX2PBB,
S PYlPBB,PYZPBB,PZlPBB,PZZPBB,PXIPAA,PXZPAA,
$ PYlPAA,PY2PAA,PZ1PAA,PZZPAA,PX3PBB,PX4PBB,
$ PYBPBB,PY4PBB,PZ3PBB,PZQPBB,
$ MxBCvs,MxGSiz,MxSrfs)
C
CALL Foand(XS,YS,ZS,SrfNum,AAL(SrfNum),BBL(SrfNum),
5 SigmaAA (SrfNum) , SigmaBB (SrfNum),
$ k3,k4,StrB,
$ hl,h2,h3,h4,h5,h6,h7,h8,
$ Xl,X2,X3,X4,Y1,Y2,Y3,Y4,Zl,ZZ,Z3,Z4,
$ PXlPBB,PX2PBB,PYlPBB,PYZPBB,PZlPBB,PZZPBB,
S PXlPAA,PX2PAA,PY1PAA,PY2PAA,PZIPAA,PZ2PAA,
$ PX3PBB,PX4PBB,PY3PBB,PY4PBB,PZ3PBB,PZ4PBB,
S PX3PAA,PX4PAA,PY3PAA,PY4PAA,PZ3PAA,PZ4PAA,
$ MxBCvs,MxGSiz,MxSrfs)
C
40 CONTINUE
C
IF (NSurfs.EQ.2)THEN
DO 60 SrfNum=3,4
DO 50 CrvNum=3,4
EdgNum= (SrfNum-1)*4 + CrvNum
READ (InNum, *) StxTp
IF (StrTp.NE.4) THEN
READ (InNum, *)Betal
ELSE
READ (InNum, *) Betal, Beta?2
ENDIF
CALL CalStZ(EdgNum,NGPts(EdgNum),Ster,Betal,Beta2,
$ StrB,MxBCvs,MxGSiz)
50 CONTINUE
60 COXNTINUE
ENDIF
C
C
C
C Calculate the interior grid point locations.
C

CALL TwoSrf(XPnt,YPnt,ZPnt,II,JJ,KK,SigmaEt,kS,
EtStll,EtStl2,EtSt15,EtSt16,
XiStep,EtStep,ZtStep,XS,YS,ZS,hl,hZ,hB,h4,
PXSlPE,PXSZPE,PYSlPE,PYSZPE,PZSlPE,
PZ2S2PE,MxGSiz, MxSrfs)

NN dn

IF (NSurfs.E(Q.4) THEN
CRLIL ForSrf (¥Pnt,Y¥Pnt,ZPnt,II,JJ, KK,
S SigmaEt,SigmaZt, kS,
S EtSt1l,EtSt12,EtSt15,EtStle,
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C

AOEOGEGEHROE S

ENDIF

Z2tStl, 2tSt2, ZtSt5, ZtSt6,
XS,YS,2S,XiStep, EtStep, ZtStep,
hl,h2,h3,h4,h5,h6,h7, 08,

PXS1PE, PXS2PE,PYS1PE,PYS2PE, PZS1PE, PZS2PE,
PXS32t,PXS42t,PYS32t,PYS4Zt,PZS32t,PZS42¢t,
MxGSiz,MxSrfs)

CALL PrGrid(XPnt, YPnt, Z2Pnt,II,JJ, KK, OutNum, MxGSiz)

SUBROUTINE TwoSrf (XPnt, YPnt, Z2Pnt,II,JJ,KK, SigmaEt, kS,

N N AW

EtSt11,EtSt12,EtStl15,EtStls,
XiStep, EtStep, 2t Step, XS, YS, 2§,

hl,h2,h3,hd4,PXS1PE, PXS2PE,PYS1PE,PYS2PE, PZS1PE,

PZS2PE,MxGSiz,MxSrfs)

C This SUBROUTINE calculates the grid point locations between two specified
C surfaces using the "“two-boundary technique".

C

C

ao0n

INTEGER 1, 3,

REAL Xi, Eta,
PXS1Xi,
PXS1lzt,
BetaXi,

v,y wman;mwmn v

PXS2Xi,
PXS2zt,
BetakEt,
EtStll (MxGSiz),
EtSt15 (MxGSiz)
kS (MxSrfs,MxGSiz,MxGSiz),
hl (MxGSiz),
PXS1PE (MxGSiz,MxGsiz),
PYS1PE (MxGSiz, MxGsiz}),
PZS1PE (MxGSiz,MxGsiz),
XS (MxSrfs,MxGsiz,MxGsiz),

YS (MxSrfs,MxGsiz,MxGsiz),

ZS (MxSrfs,MxGsiz,MxGsiz),

XPnt (MxGSiz,MxGsiz, MxGSiz),
YPnt (MxGSiz,MxGsiz,MxGSiz),
ZPnt (MxGSiz,MxGsiz,MxGSiz)

k, StrXi, StrEt, StrZt, II, JJ, KK

Zeta, XiNew, EtaNew,

PYS1Xi,

ZtaNew, LL1,
PYS2Xi, PZS1Xi,
PYS1Zt, PYS2Zt, PZS1lzt,
BetaZt, XiStep, EtStep,
EtStl2 (MxGSiz),
,EtStl6 (MxGSiz),

LL2,
PZS2Xi,
P2S227t,
ZtStep,

h2 (MxGSiz), h3(MxGSiz), h4 (MxGSiz),
PXS2PE (MxGSiz,MxGsiz),
PYS2PE (MxGSiz,MxGsiz),
P2S2PE (MxGSiz,MxGsiz),

Calculate the derivative values along the constant Xi/Zeta

boundaries.

PXS1Xi=
PXS2Xi=
PYS1Xi=
PYS2Xi=
PZS1Xi=
PZS2Xi=
PXS1z2t=
PXS822t=
PYS1Zt=
PYS2Zt=

2)-%5(1,1,1))/XiStep
2)-%5(2,1,1))/XiStep
2)-Y¥S{(1,1,1))/XiStep
2)-Y¥S(2,1,1))/XiStep
2)-25(1,1,1))/XiStep
2)-2S8(2,1,1))/XiStep
1)-XS(1,1,1))/2tStep
1)-XS8(2,1,1))/2tStep
1)-¥S(1,1,1))/2Z2tStep
1)-Y¥S(2,1,1)}/2tStep
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PZS17Zt=(2S(1,2,1)-2S(1,1,1))/ZtStep
P2S2Zt=(25(2,2,1)-28(2,1,1))/2tStep
LL1=((PYS1Xi*PZ2S1Zt-PZS1Xi*PYS1Zt)**2
+(PXS1Xi*PZS1Z2t-P2S1Xi*PXS1Zt)**2
+(PXS1Xi*PYS1Z2t-PYS1Xi*PXS1Z2t)**2)**0.5
LL2=( (PYS2Xi*PZS2Zt-P2S2Xi*PYS2Zt) **2
+(PXS2X1i*PZS22t-PZS2Xi*PXS2Zt) **2
+ (PXS2Xi*PYS2Zt-PYS2Xi*PXS22t) **2) **0.5

PXS1PE(1,1)=-kS(1,1,1)*(PYS1Xi*P2S1Z2t-P2S1Xi*PYS12t)/LL1
PXS2PE(1,1)=-kS(2,1,1)*(PYS2X1i*PZ2S2Zt-PZS2Xi*PYS22t) /LL2
PYS1PE(1,1)= kS(1,1,1)*(PXS1Xi*P2S1Z2t-P2Z2S1Xi*PXS12t)/LLl
PYS2PE(1,1)= kS(2,1,1)*(PXS2Xi*PZS2Zt-PZ2S2Xi*PXS2Zt)/LL2
PZS1PE(1,1)=-kS(1,1,1)*(PXS1Xi*PYS1Zt-PYS1Xi*PXS12Zt)/LLl
PZS2PE(1,1)=-kS(2,1,1)*(PXS2Xi*PYS2Zt-PYS2Xi*PXS22t) /LL2

PXS1Xi=(XS(1,1,II)-XS(1,1,II-1))/XiStep
PXS2Xi=(XS(2,1,II)-XS(2,1,II~-1))/XiStep
PYS1Xi=(YS(1,1,II)-¥S(1,1,II-1))/XiStep
PYS2Xi=(YS(2,1,II)-¥S(2,1,II-1))/XiStep
PZS1Xi=(28(1,1,I1)-2S(1,1,II-1))/XiStep
PZS2Xi=(25(2,1,II)-25(2,1,II-1))/XiStep
PXS1Zt=(XS(1,2,I1)-XS(1,1,II))/2tStep
PXS22t=(XS(2,2,II)-XS(2,1,I1))/Z2tStep
PYS12t=(YS(1,2,II)-YS(1,1,II))/ZtStep
PYS2Zt=(YS(2,2,I1)-Y¥YS(2,1,II))/Z2tStep
P2S12t=(2S(1,2,II)-2S(1,1,II))/ZtStep
P2822t=(28(2,2,11)-28(2,1,1I1))/ZtStep
LL1=((PYS1Xi*PZS1Zt-PZS1Xi*PYS1Zt) **2
+(PXS1Xi*PZS1Z2t-PZS1Xi*PXS12t) **2
+ (PXS1Xi*PYS1Zt-PYS1IXi*PXS1Zt)**2)**0.5
LL2=((PYS2Xi*PZS2Z2t-PZS2Xi*PYS22t) **2
+(PXS2Xi*P2322t-PZS2X1i*PXS22t) **2
+(PXS2Xi*PYS2Zt-PYS2X1i*PXS22t) **2)**0.5

PXS1PE(II,1)=-kS(1,II,1)*(PYS1Xi*PZS1Zt-PZS1Xi*PYS1Zt)/LL1
PXS2PE(II,1)=-kS(2,II,1)*(PYS2Xi*PZS2Zt-PZS2Xi*PYS2Zt)/LL2
PYSIPE(II,1)= kS(1,II,1)*(PXS1Xi*PZS12t-P2S1Xi*PXS1Zt)/LL1
PYS2PE(II,1)= kS(2,II,1)*(PXS2Xi*PZS2Zt-PZS2Xi*PXS2Zt)/LL2
PZS1PE(II,1)=-kS(1,II,1)*(PXS1Xi*PYS1Zt-PYS1Xi*PXS1Zt)/LL1
PZS2PE(II,1)=-kS(2,II,1)* (PXS2Xi*PYS22t-PYS2Xi*PXS22t)/LL2

DO 55 i=2,II-1

PXS1Xi=(XS(1,1,1i+1)-XS(1,1,i-1))/2/XiStep

PXS2Xi=(XS(2,1,1i+1)-XS(2,1,1i-1))/2/XiStep

PYS1Xi=(Y¥S(1l,1,1i+1)-Y¥S(1,1,1i-1))/2/XiStep

PYS2Xi=(Y¥S(2,1,1i+1)-YS(2,1,1i-1))/2/XiStep
)

P2ZS1Xi=(2S(1,1,1i+1)-2S(1,1,1i-1))/2/XiStep

P2S2Xi=(2S(2,1,i+1)-25(2,1,1i-1))/2/XiStep
PXSlzt= (XS(l 2,1) XS(l,l,i))/ZtStep
PXS22t=(XS(2,2,1)-XS{(2,1,1))/2tStep
PYS1Z2t= (Yc(l 2,1)-YS8(1,1,1i))/2tStep
PYS22t=(YS(2,2,1)- YS(2,1,1))/2ZtStep
PZSth‘(ZQ(l,L, ) = ZS(l,l,i))/ZtStep

P2822t=(25(2,2,1)-2S8(2,1,1)})/Z2tStep

LL1=((PYSlXi*PZSth-PZSlXi*PYSth)**2
+(PXS1Xi*PZS1Z2t-F2S1Xi*PXS1Zt) **2
+(PXS1Xi*PYS1Zt-PYS1IXi*PXS1Zt)**2)**(0 .5
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LL2=((PYS2Xi*PZS2Z2t-P2ZS2Xi*PYS22t) **2

+(PXS2X1i*PZS2Zt-PZS2Xi*PXS522t) **2

+(PXS2X1i*PYS2Zt-PYS2Xi*PXS22Zt) **2) **0.5
PXSlPE(i,l)=—kS(l,i,l)*(PYS1Xi*PZSth—PZSlXi*PYSth)/LLl
PXSZPE(i,1)=—kS(2,i,1)*(PYS2Xi*PZSZZt—PZSZXi*PYSZZt)/LL2‘
PYS1PE(i,1)= kS(1,i,1)*(PXS1Xi*P2S12t-P2S1Xi*PXS12Zt)/LLl
PYS2PE (i, 1)= kS(2,1,1) *(PXS2Xi*P2S2Zt-P2S2Xi*PXS2Zt) /LL2
PZSlPE(i,1)=—kS(1,i,1)*(PXSlXi*PYSth-PYSlxi*PXSIZt)/LLl
PZS2PE(i,1)=-kS(2,i,1)*(PXSZXi*PYSZZt-PYSZXi*PXSZZt)/LL2

CONTINUE

DO 70 k=2,KK-1

PXS2Xi= (XS (2,k,2)-XS(2,k,1))/XiStep
PYS1Xi=(YS(1l,k,2)-¥S(1,k,1))/XiStep
PYS2Xi=(YS(2,k,2)-YS(2,k,1))/XiStep
PZS1Xi=(2S(1,k,2)-2S(1,k,1))/XiStep
PZS2Xi=(2S(2,%,2)-25(2,k,1))/XiStep
PXS12t=(XS(1,k+1,1)-XS(1,k-1,1))/2/2tStep
PXS22t= (XS (2,k+1,1)-XS(2,k-1,1))/2/ZtStep
PYS1Zt=(YS(1l,k+1,1)-YS(1,k-1,1))/2/ZtStep
PYS2Zt=(YS(2,k+1,1)-YS(2,k-1,1))/2/2tStep
PZS12t=(2S(1,k+1,1)-28(1,k-1,1))/2/ZtStep
P2S22t=(2S(2,k+1,1)-2S(2,k-1,1))/2/ZtStep
LL1=({(PYS1Xi*PZS12t-PZS1Xi*PYS1Zt) **2
+(PXS1Xi*PzS1Z2t-P2ZS1Xi*PXS12t) **2
+(PXS1Xi*PYS1Zt-PYS1Xi*PXS1Zt) **2) **(0.5
LL2=( (PYS2Xi*P2S2Zt-P2ZS2Xi*PYS22t) **2
+(PXS2X1*P2S22t-PZS2X1i*PXS22Zt) **2
+ (PXS2Xi*PYS2Zt-PYS2Xi*PXS22t) **2) **0.5

PXSlPE(l,k)=—kS(1,1,k)*(PYSlXi*PZSth—PZSlXi*PYSth)/LLl
PXSZPE(l,k)=—kS(2,1,k)*(PYSZXi*PZSZZt-PZSZXi*PYSZZt)/LL2
PYSIPE(1,k}= kS(1,1,k)*(PXS1Xi*PZS12t-PZS1Xi*PXS1zt)/LL1l
PYS2PE (1,k)= kS(2,1,k)*(PXS2X1*P2S2Z2t-PZS2Xi*PX522t) /LL2

( (
PZS1PE (1,k)=-kS(1,1,k)*(PXS1Xi*PYS1Zt-PYS1Xi*PXS1Zt)/LLl
PZS2PE(1,k)=-kS(2,1,k)* (PXS2Xi*PYS2Z2t-PYS2Xi*PXS2Zt)/LL2
PXS1Xi=(XS(1,k,II)-XS(1l,k,II-1))/XiStep
PXS2Xi=(XS(2,k,II)-XS(2,k,II-1))/XiStep
PYS1Xi=(YS(1l,k,IT)-YS(1l,k,II-1))/XiStep
PYS2Xi=(YS(2,k,II)-¥S(2,k,II-1))/XiStep
PZS1Xi=(2S(1,k,I1)-2S(1,k,II-1))/XiStep

PZS2Xi=(25(2,k,I11)~2S(2,k,II-1))/XiStep
PXS12t=(XS(1,k+1,II)-XS(1,k-1,II))/2/2tStep
PXS2Zt=(XS(2,k+1,II)-XS(2,k=-1,1I1))/2/ZtStep
PYS1Zt=(YS(1,k+1,II)-¥S(1,k-1,1II))/2/2tStep
PYS22t=(YS(2,k+1,II)-YS(2,k-1,II))/2/2tStep
PZzS12t=(25(1,k+1,II)-28(1,k-1,II))/2/Z2tStep
P2S22t=(2S(2,k+1,1I)-258(2,k-1,1I))/2/ZtStep
LL1=((PYS1Xi*PZS12t-PZS1Xi*PYS1Zt) **2
+(PXS1Xi*P2S1Zt-P2S1Xi*PXS1Z2t) **2
(PXS1Xi*PYS12t-PYS1Xi*PXS1Zt)**2)**0.5
LL2=((PYS2Xi*PZS2Zt~PZS2X1*PYS22t) **2
(PXS2X1*PZ2S22t-PZS2X1i*PXS2Zt) **2
{

-+
={
+
+ (PXS2X1*PYS22t-PYS2X1i*PXS22t) **2) **(0.5
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PXSlPE(II,k)=—kS(1,II,k)*(PYSlXi*PZSth-PZSlXi*PYSth)/LLl
PXSZPE(II,k)=-kS(2,II,k)*(PYSZXi*PZSZZt-PZSZXi*PYSZZt)/LL2
PYS1PE(II, k)= kS(1,II,k)*(PXS1Xi*PZS1Zt-PZS1Xi*PXS12t)/LLl
PYS2PE(II, k)= kS(2,1II,k)*(PXS2Xi*P2S2Zt-P2S2Xi*PXS22t)/LL2
PZSlPE(II,k)=-kS(1,II,k)*(PXS1Xi*PYSth-PYSlXi*PXSth)/LLl
PZSZPE(II,k)=-kS(2,II,k)*(PXSZXi*PYSZZt-PYSZXi*PXSZZt)/LL2

DO 60 i=2,II-1
PXS1Xi=(XS(1,k,i+1)-XS(1,k,i-1))/2/XiStep
PXS2Xi=(XS(2,k,i+1)-XS(2,k,i-1))/2/XiStep
PYS1Xi=(YS(1l,k,i+1)-YS(1,k,i-1))/2/XiStep
PYS2Xi=(YS(2,k,i+1)-Y¥S(2,k,1i-1))/2/XiStep
PZS1Xi=(2S(1,k,i+1)-25(1,k,1i-1))/2/XiStep
PZS2Xi=(28(2,k,i+1)-2S(2,k,i-1))/2/XiStep
PXS12t=(XS(1,k+1,1)-XS(1,k-1,1))/2/2tStep
PXS2Zt=(XS (2,k+1,1)-XS(2,k-1,1))/2/ZtStep
PYS1Zt=(YS(1,k+1,i)-¥S(1,k-1,1))/2/ZtStep
PYS22t=(YS(2,k+1,1)-YS(2,k-1,1))/2/ZtStep
P2S1Zt=(2S(1,k+1,i)-25(1,k-1,1))/2/ZtStep
P2S2Zt=(25(2,k+1,1)-25(2,k-1,1i))/2/ZtStep
LL1=((PYS1Xi*PZS1Zt-PZS1Xi*PYS1Zt) **2

+(PXS1Xi*P2S12t-PZS1Xi*PXS12t) **2
+(PXS1Xi*PYS1Zt-PYS1Xi*PXS12Zt) **2)**0.5
LL2=( (PYS2Xi*PZS2Z2t-PZS2Xi*PYS22t) **2
+(PXS2Xi*PZS22t-PZ2S2Xi*PXS22t) **2
+(PXS2Xi*PYS22t-PYS2Xi*PXS2Zt) **2) **0.5

~ N NN

(1,1i,k)*(PYS1Xi*P2S12t-P2S1Xi*PYS1Zt) /LL1
(2,1,k)*(PYS2Xi*PZ2S22t-PZ2S2Xi*PYS22t) /LL2
(1,1i,k)* (PXS1Xi*P2S12t~-P2S1Xi*PXS1Zt)/LLl

PXS1PE S
S
S
S(2,1i,k)*(PXS2Xi*P2S22t-P2S2Xi*PXS22t) /LL2
S
S

(
PXSZ2PE (
PYS1PE {
PYS2PE {

PZS1PE (

PZS2PE (
60 CONTINUE
70 CONTINUE

(1,1i,k)*(PXS1Xi*PYS12t-PYS1Xi*PXS1Zt)/LL1

 K)
 K)
 X)
(K)
 K)
k) (2,1,k)* (PXS2Xi*PYS2Z2t-PYS2Xi*PXS522t) /LLZ2

i
i
i
i
i
i

PXS1Xi=(XS(1,KK,2)-XS(1,KK,1))/XiStep
PXS2Xi=(XS(2,KK,2)-XS(2,KK,1))/XiStep
PYS1Xi=(YS(1,KK,2)-YS(1,KK, 1)) /XiStep
PYS2Xi=(YS(2,KK,2)-YS(2,KK, 1)) /XiStep
P2S1Xi=(2S(1,KK,2)-2S5(1,KK,1))/XiStep
PZS2Xi=(2S(2,KK,2)~-2S(2,KK, 1)) /XiStep
PXS1Z2t=(XS(1,KK,1)-XS(1,KK-1,1))/ZtStep

(

(

(

PXS2Zt=(XS(2,KK,1)-XS(2,KK-1,1))/2tStep

PYS1Zt=(YS(1,KK,1)-YS(1,KK-1,1))/ZtStep

PYS2Zt=(YS(2,KK,1)-YS(2,KK-1,1))/2tStep
(

P2S12t=(2ZS(1,KK,1)-25(1,KK-1,1))/2tStep
Pz522t=(2S(2,KK,1)-2S(2,KK-1,1))/ZtStep
LL1=((PYS1Xi*PZ2S12t-PZS1Xi*PYS1zt)**2

/ +(PXS1Xi*PZS1Zt-PZS1X1i*PXS1Zt)**2

/ +(PXS1Xi*PYS1Z2t~-PYS1Xi*PXS12t)**2)**0.5
LL2=((PYS2Xi*PZS2Zt-PZS2X1i*PYS22Zt) **2

/ +(PXS2Xi*PZS22t-PZS2X1*PXS22t) **2

/ + (PXS2Mi*PYS224-PYS2Xi*PXS2Z2t)**2)**0.5

PXS1PE(1,X¥)=-kS(1,1,KK)* (PYS1Xi*P2S1Zt-P2S1Xi*PYS1Z2t)/LL1
PXS2FE(1,KK)=-kS(Z,1,KK)* (PYS2Xi*PZS2Zt-P2S2Xi*PYS2Zt)/LL2
PYSIPE(1l,K¥)= kS(1,1,KK)* (PXS1Xi*P2S12t-P2S1Xi*PXS1z2t)/LLl
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PYS2PE(1,KK)= kS(2,1,KK)* (PXS2Xi*P2S22t-P2S2Xi*PXS2Zt)/LL2
PZS1PE(1,KK)=-kS(1,1,KK)* (PXS1Xi*PYS1Z2t-PYS1Xi*PXS1Zt)/LL1
P2S2PE(1,KK)=-kS(2,1,KK)* (PXS2Xi*PYS2Zt-PYS2Xi*PXS22t) /LL2

PXS1Xi=(XS(1,KK,II)-XS(1,KK,II-1))/XiStep
PXS2Xi=(XS(2,KK, II)-XS(2,KK,II-1))/XiStep
PYS1Xi=(YS(1,KK,II)-YS(1,KK,II-1))/XiStep
PYS2Xi=(YS(2,KK,II)-YS(2,KK,II-1))/XiStep
PZS1Xi=(ZS(1,KK,II)-2S(1,KK,II-1))/XiStep
P2S2Xi=(2S(2,KK,II)-2S(2,KK,II-1))/XiStep
PXS1Zt=(XS(1,KK,II)-XS(1,KK-1,II))/ZtStep
PXS22t=(XS(2,KK,II)-XS(2,KK-1,II))/ZtStep
PYS1Zt=(YS(1,KK,II)-YS(1l,KK-1,II))/ZtStep
PYS2Zt=(YS(2,KK,II)-YS(2,KK-1,1II))/2tStep
PZS1Zt=(2S(1,KK,II)-2S(1,KK-1,II))/ZtStep
P2S22t=(2S(2,KK,I1I)-2S(2,KK-1,II))/ZtStep
LL1=((PYS1Xi*P2S12t-PZS1Xi*PYS12t) **2
+(PXS1Xi*PZS1Zt-PZS1Xi*PXS12t) **2
+(PXS1Xi*PYS12t-PYS1Xi*PXS1Zt)**2)**( 5
LL2= ((PYS2Xi*P2S22t-PZS2Xi*PYS22t) **2
+(PXS2X1i*P2S22t~-PZS2Xi*PXS22t) **2
+ (PXS2Xi*PYS22t-PYS2Xi*PXS22t) **2) **x( .5

PXS1PE(II,KK)=-kS(1,II,KK)* (PYS1Xi*PZ512t-PZ2S1Xi*PYS12t}/LL1

PYSIPE(II,KK)= kS(1,II,KK)* (PXS1Xi*PZS1Z2t-PZ2S1Xi*PXS1Z2t)/LL1l

(

PXS2PE(II,KK)=-kS(2,II,KK)* (PYS2Xi*PZS2Z2t-PZS2Xi*PYS2Zt)/LL2
(
(

PYS2PE(II,KK)= kS(2,II,KK)* (PXS2Xi*PZS2Zt-PZ2S2Xi*PXS22t)/LL2
PZS1PE(II,KK)=-kS(1,II,KK)* (PXS1Xi*PYS1Z2t-PYS1Xi*PXS12t)/LL1l
PZS2PE(II,KK)=-kS(2,II,KK)* (PXS2Xi*PYS2Zt-PYS2Xi*PXS22t)/LL2

Do 75 i=2,1I-

1

PXS1Xi=(XS(1
PXSZXl—(XS(Z KX,
PYS1Xi=(YS (1, KK,
PYS2Xi=(Y¥S(2,KK,
PZS1Xi=(2S(1, KX,
PZS2Xi=(ZS(2,KK,
PXSth—(XS(l KK,
PXS2Zt= (XS (2,KK,
PYS1Zt=(YS(1l,KK,
PYS2Zt=(YS (2, KK,
PZS1lzZt=

KK, i+1)-XS(1,KK,i-1))/2/XiStep
i+1)-XS(2,KK,i-1))/2/XiStep
i+1)-YS(1,KK,i-1))/2/XiStep
i+1)-YS(2,KK,1-1))/2/XiStep
i+1)~-2ZS(1,KK,i-1))/2/XiStep
i+1)-2S(2,KK,i-1))/2/XiStep
i)-XS(1,KK-1,1i))/2tStep
i)-XS(2,KK-1,1i))/ZtStep
i)-YS(1,KK-1,1))/2tStep
1)-¥YS{2,KK~1,1i))/2tStep

(ZS(1,KK,1)-2S(1,KK~1,1))/Z2tStep

PZSZZt=(ZS(2,KK,i)—ZS(2,KK-1,i))/ZtStep

LL1=((PYS1Xi*P2S12t-P2S1X1i*PYS1Zt) **2
+(PXS1X1i*PZS1Zt-P2S1Xi*PXS1Zt) **2
+(PXS1Xi*PYS1Z2t-PYS1Xi*PXS1Zt)**2)**0.5

LL2=

((PYS2Xi*PZS2Zt-P2S2Xi*PYS22t) **2

+(PXS2Xi*PZ252Zt-PZS2X1i*PXS2Zt) **2
+ (PXS2Xi*PYS2Zt-PYS2Xi*PXS22t)**2)**0.5

PXS1PE (i
PXS2PE (i
PYS1PE (4
PYSZFE (i
PZS1PE (i
PZS2PE(
CONTINUE

EEEEEY
1 | I | S A |

,1,KK)* (PYS1Xi*P2S12t-PZS1Xi*PYS1Zt)/LL1
,1,KK)* (PYS2Xi*PZ2S2Zt-PZ3S2Xi*PYS22t) /LL2
,1,KK)* (PXS1Xi*P2S1Z2t-P2S1Xi*PXS12t)/LL1
* (PXS2X1i*PZ282Z2t-PZ82Xi*PXS2Zt)/LL2
* (PXS1Xi*PYS1Z2t-PYS1Xi*PXS12t)/LL1

,1 KK)
1, KK)
, 1, KK) * (PXS2Xi*PYS2Z2t-PYS2Xi*PXS2Zt)/LL2
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C Calculate the interior grid point locations.

C
DO 100 k=1,KK
Zeta=(k-1.)/(KK-1.)
DO 90 i=1,II
Xi=(i-1.)/(1I-1.)
DO 80 3=1,J3J
EtaNew=(EtStll(j)*(1.—Xi)+EtSt12(j)*Xi)*(1.—Zeta)
$ +(EtSt15(j)*(1.—Xi)+EtSt16(j)*Xi)*Zeta
CALL FindHs (hl(3),h2(j),h3(3),hd4(j),EtaNew,SigmaEt)
XPnt (1, J, k)=h1(3)
$ *XS(1,k,1)+h2(3) *XS(2,k,1)
S +h3(j) *PXS1PE (i, k)
S +h4 (j) *PXS2PE (i, k)
ant(il jl k)=hl(j)
$ *YS(1,k,i}+h2(j)*¥S(2,k, 1)
S +h3(j)*PYS1PE (i, k)
$ +h4 () *PYS2PE (i, k)
ZPnt (i, 3, k)=h1(3j)
S *75(1,k,1)+h2(3)*2S(2,k,1)
S +h3(j) *PZS1PE (i, k)
S +h4 (§) *PZS2PE (i, k)
80 CONTINUE
90 CONTINUE
100 CONTINUE
C
RETURN
END
C
C=s=============ss==========s==SSss=SSsssSs=SSSssSSs=sssss ========
C
SUBROUTINE ForSrf (XPnt,YPnt,2Pnt,I1I,JJ,KX,SigmaEt,SigmaZt, kS,
$ EtSt11,EtSt12,EtSt15,EtStlé6,
S 2tStl,ZtSt2,2tSt5, 2t5t6,
S XS,YS,2S,XiStep, EtStep, ZtStep,
$ hl,h2,h3,h4,h5,h6,h7,h8,
S PXSlPE,PXS2PE,PYSlPE,PYSZPE,PZSIPE,PZSZPE,
$ PXS37Zt,PXS42t,PYS32t,PYS42t,PZS32t,P2542¢,
$ MxGSiz,MxSrfs)
C
C

C This SUBROUTINE adjusts the grid so that the other two surfaces of the
C region are mapped correctly using the "four-boundary technique".
C
INTEGER i, Jj, k, StrXi, StrEt, Str2t, II, JJ, KK
C
REAL Xi, Eta, Zeta, XiNew, EtaNew, ZtaNew, LL3, LL4,
hl (MxGSiz), h2(MxGSiz), h3(MxGSiz), h4 (MxGSiz),
h5 (MxGSiz), hé(MxGSiz), h7(MxGSiz), h8(MxGSiz),
PXS3Xi, PXS4xXi, PYS3Xi, ©PYS4Xi, PZS3Xi, PZS4Xi,
PXS3PE, PXS4PE, PYS3PE, PYS4PE, PZS3PE, PZS4PE,
pP2X¥00, P2X01, P2X10, P2Xl1, P2Y00, P2Y01l, P2Y10, P2Y11,
p2200, P2201, P2210, P2Z1l
REAL BetaXi, BetaEt, BetaZt, XiStep, EtStep, ZtStep,
EtStll (M=GSiz),EtStl2 (MxGSiz),
EtSt15(M=GSiz),EtStl16 (MxGSiz),
ZtStl (Mx3Siz),2tSt2{M=GSiz),
2tSt 5 (Mx3Siz), 2t5t6 (MxGSiz},

L AN AN AN WA n
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kS (MxSrfs,MxGSiz,MxGSiz),

PXS1PE (MxGSiz,MxGsiz),
PXS32t (MxGSiz,MxGsiz),
PYS1PE (MxGSiz,MxGsiz),
PYS32t (MxGSiz, MxGsiz),
PZS1PE (MxGSiz,MxGsiz),
PZS32t (MxGSiz,MxGsiz),

PXS2PE (MxGSiz,MxGsiz),
PXS42t (MxGSiz,MxGsiz),
PYS2PE (MxGSiz,MxGsiz),
PYS4Zt (MxGSiz,MxGsiz),
PZS2PE (MxGSiz,MxGsiz),
P2S47Zt (MxGSiz,MxGsiz),

OO0

XS (MxSrfs,MxGSiz,MxGsiz),
YS (MxSrfs,MxGSiz,MxGsiz),
ZS (MxSrfs,MxGSiz,MxGsiz),
XPnt (MxGSiz,MxGsiz, MxGSiz),
YPnt (MxGSiz,MxGsiz,MxGSiz),
2Pnt (MxGSiz,MxGsiz, MxGSiz)

RO ROEOREOROROEORGEGEOHEHEH B O

Calculate the derivative values along the constant Xi/Eta
boundaries.

PXS3Xi=(XS(3,2,1)-%S(3,1,1))/XiStep
PXS4Xi=(XS(4,2,1)-XS(4,1,1))/XiStep
PYS3Xi=(Y¥S(3,2,1)-Y¥S(3,1,1))/XiStep
PYS4Xi=(¥YS(4,2,1)-YS5(4,1,1))/XiStep
PzS3Xi=(2S(3,2,1)-2S(3,1,1))/XiStep
PZS4Xi=(2S(4,2,1)-25(4,1,1))/XisStep
PXS3PE=(XS(3,1,2)-XS(3,1,1))/EtStep
PXS4PE=(XS(4,1,2)-XS(4,1,1))/EtStep
PYS3PE=(YS(3,1,2)-YS(3,1,1))/EtStep

PYS4PE=(YS(4,1,2)-YS(4,1,1))/EtStep
PZS3PE=(25(3,1,2)-25(3,1,1))/EtStep
PZS4PE=(2S(4,1,2)-25(4,1,1))/EtStep
LL3=((PYS3Xi*PZS3PE~PZS3X1i*PYS3PE) **2

/ +(PXS3Xi*PZS3PE-PZS3Xi*PXS3PE) **2

/ + (PXS3Xi*PYS3PE-PYS3Xi*PXS3PE) **2)**0.5
LL4=((PYS4Xi*PZS4PE-PZS4Xi*PYS4PE) **2

/ +(PXS4Xi*PZS4PE~-PZS4X1i*PXS4PE) **2

/ + (PXS4Xi*PYS4PE-PYS4X1i*PXS4PE) **2)**(0.5

PXS3Z2t(1,1)=-kS(3,1,1)*(PYS3Xi*PZS3PE-PZS3Xi*PYS3PE) /LL3
PXS42t (1,1)=-kS(4,1,1)*(PYS4Xi*PZS4PE-PZS4Xi*PYS4PE) /LL4
PYS32t(1,1)= kS(3,.,1)*(PXS3Xi*PZS3PE-PZS3Xi*PXS3PE) /LL3
PYS4z2t(1l,1)= kS(é,1,1)*(PXS4Xi*PZS4PE—PZS4Xi*PXS4PE)/LL4
st32t(1 1)=-kS(3,1,1) *(PXS3Xi*PYS3PE-PYS3Xi*PXS3PE) /LL3
P2S42t(1,1)=-kS(4,1,1)*(PXS4Xi*PYS4PE-PYS4Xi*PXS4PE) /LL4
PXS3Xi=(XS$(3,II,1)- xs 3,I1-1,1))/XiStep

(
PXS4Xi=(XS(4,11,1)-XS(4,II-1,1))/XiStep
PYS3Xi=(YS (3,11, 1)—YS(3,II-1,1))/XiStep
PYS4Xi=(YS(4,II,1)-YS(4,II-1,1))/XiStep
P2S3Xi=(2S(3,1I,1)-2S¢(3,II-1,1))/XiStep
PZS4Xi=(ZS(4,II,l)—ZS(4,II—l,1))/XiStep

PXS3PE=(XS(3,11,2)-XS(3,I1I,1))/EtStep
PXS4PE= (x5(4,41 2)-XS(4,11,1))/EtStep
PYS3PE=(YS(3,1II,2) YS(3 II,1))/EtStep
PYS4PE=(YS(4,I1,2)-YS(4,1I1I,1))/EtStep
PZS3PE= (zc 3,I1,2)- 25(3 II,1))/EtStep
PZS4PE=(28(4,11,2)-25(4,1I,1))/EtStep

’L”—((PY:BY’*PZQJPE PZS3X1*PYS3PE)**2
/ +(PXS3Xi*PZS3PE-PZS3Xi*PXS3PE) **2
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+ (PXS3Xi*PYS3PE-PYS3Xi*PXS3PE) **2)**0.5
LL4=( (PYS4Xi*PZS4PE-PZS4Xi*PYS4PE) **2

+(PXS4Xi*PZS4PE-P2S4Xi*PXS4PE) **2

+ (PXS4Xi*PYS4PE-PYS4Xi*PXS4PE) **2) **0.5

PXS3Zt(II,1)=—kS(3,II,l)*(PYS3Xi*PZS3PE—PZS3Xi*PYS3PE)/LL3
PXS4Zt(II,l)=—kS(4,II,1)*(PYS4Xi*PZS4PE-PZS4Xi*PYS4PE)/LL4
PYS3Zt(II,1)= kS(3,II,1)*(PXS3Xi*PZS3PE-PZS3Xi*PXS3PE)/LL3
PYS42t (II,1)= kS(4,II,1)*(PXS4Xi*PZS4PE-PZS4Xi*PXS4PE)/LL4
PZS3Zt(II,l)=-kS(3,II,l)*(PXS3Xi*PYS3PE-PYS3Xi*PXS3PE)/LL3
P2S4zt (II,1)=-kS(4,II,1)*(PXS4Xi*PYS4PE-PYS4Xi*PXS4PE)/LL4

DO 45 i=2,1I-1
PXS3Xi=(XS(3,1i+1,1)-XS(3,1i-1,1))/2/XiStep
PXS4Xi=(XS(4,1i+1,1)-XS(4,1i-1,1))/2/XiStep
PYS3Xi=(YS(3,1i+1,1)-YS(3,i-1,1))/2/XiStep
PYS4Xi=(YS(4,1i+1,1)-YS(4,i-1,1))/2/XiStep
P2S3Xi=(2S(3,1i+1,1)-2S(3,i-1,1))/2/XiStep
P7S4Xi=(2ZS(4,1i+1,1)-2S(4,i-1,1))/2/XiStep
PXS3PE=(XS(3,1i,2)-XS(3,1i,1))/EtStep
PXS4PE=(XS(4,1,2)-XS(4,i,1))/EtStep
PYS3PE=(YS(3,1i,2)-YS(3,1i,1))/EtStep
PYS4PE=(YS(4,1,2)-YS(4,1i,1))/EtStep
PZS3PE=(25(3,1,2)-2S(3,1,1))/EtStep
PZS4PE=(25(4,1,2)-2S(4,1i,1))/EtStep
LL3=((PYS3Xi*PZS3PE-PZS3Xi*PYS3PE) **2

+(PXS3Xi*PZS3PE-PZS3X1i*PXS3PE) **2
+(PXS3Xi*PYS3PE-PYS3Xi*PXS3PE) **2) **(0.5
LL4=( (PYS4Xi*P2S4PE-PZS4X1*PYS4PE) **2
+(PXS4Xi*PZS4PE-PZS4X1*PXS4PE) **2
+ (PXS4Xi*PYS4PE-PYS4Xi*PXS4PE) **2) **0 .5
PXS37t (i,1)=-kS(3,1i,1)* (PYS3Xi*PZS3PE-PZS3Xi*PYS3PE)/LL3
PXS4Zt (i,1)=-kS(4,1i,1)*(PYS4Xi*PZS4PE-PZS4Xi*PYS4PE)/LL4
PYS3Zt (i,1)= kS(3,i,1)* (PXS3Xi*PZS3PE-PZS3Xi*PXS3PE)/LL3
PYS42t (i,1)= kS(4,1i,1)* (PXS4Xi*PZS4PE~-P2S4Xi*PXS4PE) /LL4
P2S32t (i,1)=-kS(3,1i,1)*(PXS3Xi*PYS3PE-PYS3Xi*PXS3PE) /LL3
P2S42t (i,1)=-kS(4,i,1)* (P¥XS4Xi*PYS4PE-PYS4Xi*PXS4PE) /LL4
CONTINUE

DO 60 3=2,JJ-1

PXS3Xi=(XS(3,2,3)-XS(3,1,3))/XiStep
PXS4Xi=(XS(4,2,7)-XS(4,1,3))/XiStep
PYS3Xi=(YS(3,2,3)-YS(3,1,3))/XiStep
PYS4Xi=(YS(4,2,3)-YS(4,1,3))/XiStep
PZzS3Xi=(2S(3,2,3)-25(3,1,j))/XiStep
P2S4Xi=(2S(4,2,3)-25(4,1,3))/XiStep
PXS3PE=(XS (3,1, j+1)-XS(3,1,3-1))/2/EtStep
PXS4PE=(XS (4,1, j+1)-XS(4,1,3-1))/2/EtStep
PYS3PE=(YS (3,1, 3+1)-YS (3,1, 3j-1))/2/EtStep
PYS4PE=(YS(4,1,3+1)-YS(4,1,3j-1))/2/EtStep

PZS3PE=(2S(3,1,3+1)-25(3,1,3-1))/2/EtStep
PZS4PE=(2S(4,1,3j+1)-2S(4,1,3-1))/2/EtStep
LL3=((PYS3X1i*PZS3PE-PZS3Xi*PYS3PE) **2

+ (PXS3Xi*PZS3PE-PZS3X1*PXS3PE) **2

+ (PXS3Xi*PYS3PE~-PYS3Xi*PXS3PE) **2)**0.5
LL4=((PYS4X1i*PZS4PE-PZS4X1i*PYS4PE) **2

+(PXS4Xi*PZS4PE-PZS4Xi*PXS4PE) **2
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+ (PXS4Xi*PYS4PE~-PYS4Xi*PXS4PE) **2) **0,5

PXS32t (1, 3)=-kS(3,1, j) *(PYS3Xi*PZS3PE-PZS3Xi*PYS3PE) /LL3
PXS42Zt (1, 3)=-kS(4,1, 3) *(PYS4Xi*PZS4PE-PZS4Xi*PYS4PE) /LL4
PYS32Zt (1,3)= kS(3,1, j) *(PXS3Xi*PZS3PE-PZS3Xi*PXS3PE) /LL3
PYS4Zt (1, 3)= kS(4,1,j) * (PXS4Xi*PZS4PE-PZS4Xi*PXS4PE) /LL4"
P2532t (1, 3)=-kS (3,1, j) * (PXS3Xi*PYS3PE-PYS3Xi*PXS3PE) /LL3
P2S42t (1,3)=-kS (4,1, 3) * (PXS4Xi*PYS4PE-PYS4Xi*PXS4PE) /LL4

PXS3Xi=(XS(3,II,3j)-XS(3,II-1,3))/XiStep
PXS4Xi= (XS (4,II,3)-XS(4,II-1,3))/XiStep
PYS3Xi=(YS(3,1II,3)-YS(3,II-1,3))/XiStep
PYS4Xi=(YS(4,II,3)-YS(4,II-1,3))/XiStep
P2S3Xi=(2S(3,1I,3)-2S(3,I1I-1,3))/XiStep
PZS4Xi=(2S(4,1I,3)-2S(4,II-1,3))/XiStep
PXS3PE=(XS(3,II,3+1)-XS(3,II,j-1))/2/EtStep
PXS4PE=(XS(4,II,3+1)-XS(4,II,3-1))/2/EtStep
PYS3PE=(YS(3,II,3j+1)-YS(3,1I,3-1))/2/EtStep
PYS4PE=(YS(4,II,j+1)-YS(4,II,3-1))/2/EtStep
PZS3PE=(25(3,1II, j+1)-25(3,1I1I,3-1))/2/EtStep
PZS4PE=(25(4,11,3+1)-2S(4,11,3~-1))/2/EtStep
LL3=((PYS3Xi*PZS3PE-PZS3Xi*PYS3PE) **2

+(PXS3Xi*PZS3PE-PZS3Xi*PXS3PE) **2

+ (PXS3X1i*PYS3PE-PYS3Xi*PXS3PE) **2) **(0.5
LL4= ((PYS4Xi*PZS4PE-PZS4X1i*PYS4PE) **2

+(PXS4Xi*PZS4PE-PZS4Xi*PXS4PE) **2

(@]

NN NN

N~

NN

+ (PXS4Xi*PYS4PE-PYS4Xi*PXS4PE) **2) **( .5

PXS32t (II,3)
PXS42t (II,3)
PYS3Zt (II, 3)
PYS42Zt (II, )
P2S32t (II,3)

( )

PZS42t (II, 3

DO 50 i=2,II-1

-kS(3,II,3)*(PYS3Xi*PZS3PE-PZS3Xi*PYS3PE)/LL3
-kS(4,II,3)*(PYS4Xi*PZS4PE-PZS4Xi*PYS4PE)/LL4

S(4,1I,7)*(PXS4Xi*PZS4PE-PZS4Xi*PXS4PE) /LL4

-kS(3,II,9)*(PXS3Xi*PYS3PE-PYS3Xi*PXS3PE)/LL3
-kS(4,II,9)*(PXS4Xi*PYS4PE-PYS4Xi*PXS4PE)/LL4

k
K
kS (3,II,3)* (PXS3Xi*PZS3PE-P2S3X1i*PXS3PE)/LL3
k
k
k

PXS3Xi=(XS(3,1i+1, j)-XS(3,1i-1,3))/2/XiStep
PXS4Xi=(XS(4,1i+1, j)-XS(4,i-1,3))/2/XiStep

PYS3Xi=
PYS4Xi=

PZS3Xi=(Z
PZS4Xi=(

S {

28

PXS3PE= (XS {
XS{

PXS4PE=(

PYS3PE= (YS(3,1, j+1
PYS4PE=(YS (4,1, j+1

(YS(3,1i+1,3)-YS(3,1i-1,3))/2/XiStep

(YS (4141, 3)-YS(4,i-1,3))/2/XiStep
3,i+1, 3) - ZS(3 i- 1,3))/2/XiStep
4,1i+1,3)-2S(4,1i-1,3))/2/XiStep
3,1, 3+1) XS(3 i, 3—1))/2/EtStep
4,1,3+1)-%s5(4,1, 3- 1))/2/EtStep

) ~¥S (3,1, 3~ 1))/2/EtStep
y)-YS(4,1,3-1))/2/EtStep

PZS3PE= (25(3,1i,3+1)-25(3,1, 3-1))/2/EtStep
P7S4PE= (25 (4,1, 341)-28 (4,1, 3-1))/2/EtStep
LL3=((PYS3Xi*PZS3PE-PZS3Xi*PYS3PE) **2
+(PXS3Xi*PZS3PE-P2S3Xi*PXS3PE) **2
+(PXS3Xi*PYS3PE-PYS3Xi*PXS3PE) **2) **0.5
LL4=((PYS4Xi*PZS4PE-PZS4X1*PYS4PE) **2
+(PXS4Xi*PZS4PE-P2S4X1i*PXS4PE) **2
+(PXS4Yi*PYS4PE-PYS4Xi*PXS4PE) ¥*2) **0 .5

PXS3Zt (i, 3)=-kS (3,1, N*
PXS42t (i, 3)=-kS(4,1,3)*
PYS32t (1,9

(PYS3Xi*PZS3PE-PZS3X1i*PYS3PE) /LL:
(PYS4Xi*PZS4PE-PZS4Xi*PYS4PE) /LL4
= kS (3,1, 3)*(PXS3Xi*PZS3PE~PZS3Xi*PXS3PE) /LL:=
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PYS42Zt (i, j)= kS(4,1, j) * (PXS4Xi*PZS4PE- -PZS4Xi*PXS4PE) /LL4
PzS3Zt (i, j)=-kS(3, 1,])*(PXS3X1*PYS3PE -PYS3Xi*PXS3PE) /LL3
PzS47Zt (i, §)=-kS(4,1,3) * (PXS4Xi*PYS4PE~- -PYS4Xi*PXS4PE) /LL4
50 CONTINUE
60 CONTINUE

PXS3Xi=(XS(3,2,JJ)-XS(3,1,JJ)) /XiStep
PXS4Xi= (XS (4,2,JJ)-XS(4,1,JJ))/XiStep
PYS3Xi=(YS(3,2,JJ)-YS(3,1,JJ))/XiStep
PYS4Xi=(YS(4,2,JJ)-YS(4,1,JJ))/XiStep
P2S3Xi=(2S(3,2,JJ)-25(3,1,JJ))/XiStep
PZS4Xi=(2S(4,2,JJ)-25(4,1,JJ)) /XiStep
PXS3PE=(XS(3,1,JJ)-X5(3,1,JJ-1)) /EtStep
PXS4PE=(XS(4,1,JJ)-XS(4,1,3J-1)) /EtStep
PYS3PE=(YS(3,1,JJ)~-Y¥S(3,1,070-1))/EtStep
PYS4PE=(YS(4,1,JJ)-YS(4,1,JJ-1)) /EtStep
PZS3PE=(2S(3,1,JJ)-2S(3,1,JJ-1)) /EtStep
PZS4PE=(25(4,1,JJ)-2S(4,1,J3J-1)) /EtStep
LL3=((PYS3Xi*PZS3PE-PZS3Xi*PYS3PE) **2

/ +(PXS3Xi*PZS3PE-PZS3Xi*PXS3PE) **2

/ + (PXS3Xi*PYS3PE-PYS3Xi*PXS3PE) **2) **( .5
LL4=((PYS4Xi*PZS4PE-PZS4Xi*PYS4PE) **2

/ +(PXS4Xi*PZS4PE-PZS4Xi*PXS4PE) **2

/ + (PXS4Xi*PYS4PE-PYS4Xi*PXS4PE) **2) **x(,5

PXS32t (1, JJ)=-kS(3,1,JJ)*(PYS3Xi*PZS3PE-PZS3Xi*PYS3PE)/LL3
PXS42t(1,JJ)=-kS(4,1,JJ) * (PYS4Xi*PZS4PE~-PZS4Xi*PYS4PE) /LL4
PYS32t (1,JJ)= kS(3,1,JJ)* (PXS3Xi*PZS3PE-PZS3Xi*PXS3PE) /LL3
PYS42t(1,JJ)= kS(4,1,JJ) * (PXS4Xi*PZS4PE-PZS4Xi*PXS4PE)/LL4
P2S372t (1, JJ)=-kS(3,1,JJ) * (PXS3Xi*PYS3PE-PYS3Xi*PXS3PE)/LL3
P2S42t (1,JJ)=-kS(4,1,JJ) * (PXS4Xi*PYS4PE-PYS4Xi*PXS4PE) /LL4

PXS3Xi=(XS(3,II,JJ)-XS(3,II-1,JJ))/XiStep
PXS4Xi=(XS(4,II,JJ)-XS(4,II-1,JJ))/XiStep
PYS3Xi=(YS(3,II,JJ)-YS(3,1I-1,JJ))/XiStep
PYS4Xi=(YS(4,II,JJ)-YS(4,II—1,JJ))/XiStep
PZS3Xi=(25(3,11,3J)-25(3,1I-1,JJ))/XiStep
PZS4Xi=(2S(4,11,3J)-25(4,11-1,JJ))/XiStep
PXS3PE=(XS(3,II,JJ)-XS(3,II,JJ-1))/EtStep
PXS4PE= (x5(4 I11,JJ)-XS(4,1I,JJ-1))/EtStep
PYS3PE=(YS(3,1I,JJ)-YS(3,1I1,JJ-1))/EtStep
PYS4PE= (YS(4 I1,J3J)-YS(4,II,JJ-1))/EtStep
P2S3PE=(2S(3,11,JJ)-25(3,11,JJ-1))/EtStep
PZS4PE= (ZS(4,II,JJ)—ZS(4,II,JJ—1))/EtStep
LL3=((PYS3Xi*PZS3PE-PZS3Xi*PYS3PE) **2

/ +(PXS3Xi*PZS3PE~-PZS3Xi*PXS3PE) **2

/ + (PXS3Xi*PYS3PE-PYS3Xi*PXS3PE) **2) **(0.5
LL4=((PYS4Xi*PZS4PE~PZS4X1*PYS4PE) **2

/ +(PXS4X1*PZS4PE-PZS4X1*PXS4PE) **2

/ + (PXS4X1i*PYS4PE-PYS4X1i*PXS4PE) **2)**0.5

PXS32t (II,JJ)=-kS(3,1II,JJ)*(PYS3Xi*PZS3PE-PZS3Xi*PYS3PE)/LL3
PXS472t (I1,JJ)=-kS(4,I1,JJ)* (PYS4Xi*PZS4PE-PZS4Xi*PYS4PE)/LL4
PYSJLt(‘*,JV)= kS(3,11,JJ7)*(PXS3Xi*PZS3PE-PZS3Xi*PXS3PE)/LL3
PYS42t (II,J3)= kS(4,11,JJ)*(PXS4Xi*PZS4PE-PZS4Xi*PXS4PE)/LL4
P”Q3ZV(II JJ)=-kS(3,1I,JJ)*(PXS3Xi*PYS3PE-PYS3Xi*PXS3PE)/LL3
PZS42t (I11,J0J0)=-kS(4,II,JJ)*(PXS4Xi*PYS4PE-PYS4Xi*PXS4PE)/LL4
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/
/

C

65

C

C

C

C Calc

C

Oy AN

DO 65 i=2,II-1
PXS3Xi=(XS(3,i+1,JJ)-XS(3,1i-1,JJ))/2/XiStep
PXS4Xi=(XS(4,i+1,JJ)-XS(4,1i-1,JJ))/2/XiStep
PYS3Xi=(YS(3,1i+1,JJ)-YS(3,1i~1,JJ))/2/XiStep
PYS4Xi=(YS(4,1i+1,JJ)-YS(4,1i-1,JJ))/2/XiStep
P2S3Xi=(2S(3,i+1,JJ)-25(3,1i-1,JJ))/2/XiStep
P2S4Xi=(2S(4,i+1,JJ)-2S(4,1i-1,JJ))/2/XiStep
PXS3PE=(XS(3,i,JJ)-XS(3,1i,JJ-1)) /EtStep
PXS4PE= (XS (4,1i,JJ)-XS(4,1i,JJ-1)) /EtStep
PYS3PE=(YS(3,1i,JJ)-YS(3,i,JJ-1)) /EtStep
PYS4PE=(YS(4,i,JJ)-YS(4,1i,JJ-1)) /EtStep
PZS3PE=(25(3,1i,JJ)-2S(3,1,JJ-1)) /EtStep
LL3=((PYS3Xi*PZS3PE-PZS3Xi*PYS3PE) **2

+(PXS3Xi*PZS3PE-PZS3Xi*PXS3PE) **2

+ (PXS3Xi*PYS3PE-PYS3Xi*PXS3PE) **2) **(0.5
LL4=((PYS4Xi*PZS4PE~PZS4Xi*PYS4PE) **2

+(PXS4Xi*PZS4PE-PZS4Xi*PXS4PE) **2

+ (PXS4Xi*PYS4PE-PYS4Xi*PXS4PE) **2) **( 5

PXS32t (i, JJ)=-kS(3,1i,JJ) * (PYS3Xi*PZS3PE~-PZS3Xi*PYS3PE) /LL3

PXS42t (i, JJ)=-kS(4,1,JJ)* (PYS4Xi*PZS4PE-PZS4Xi*PYS4PE) /LL4

PYS32t (i,JJ)= kS(3,1,JJ)* (PXS3Xi*PZS3PE-PZS3Xi*PXS3PE) /LL3

PYS42t (i,JJ)= kS(4,1i,JJ)* (PXS4Xi*PZS4PE-PZS4Xi*PXS4PE) /LL4

P2S3Zt (i, JJ)=-kS(3,1,JJ)* (PXS3Xi*PYS3PE-PYS3Xi*PXS3PE)/LL3

PzS4zt (i,JJ)=-kS(4,1,JJ)* (PXS4Xi*PYS4PE-PYS4Xi*PXS4PE) /LL4
CONTINUE

pP2X00=0.
P2X10=0.
P2X01=0.
P2X11=0.
pP2Y00=0.
P2Y10=0.
P2Y01=0.
P2Y11=0.
P2200=0.
P2210=0.
P2201=0.
P2211=0.

OO0 OO OO OOOOO

ulate the grid point locations everywhere.

DO 90 k=
Zeta= ( )/(KK 1.)
DO 80 i= 1 II
Xi=(i-l.)/(II—1.)
DO 70 j3=1,JJ
Eta=(3j-1.)/(JJ-1.
EtaNew=(EtSt11 (]
+(EtS5t15(]j
ZetaNew= (2tSt1l (k

}*(1.-Xi)+EtSt12(J) *Xi) *(1.-Zeta)

)

)
+(2t5t5 (k)

)

)

(

J-
*(1.-X1)+EtSt16(j) *Xi) *Zeta
*(1.-X1)+2tSt2 (k) *Xi)*(l.-Eta)
*(l —X1)+ZtSt6( ) *Xi) *Eta

CALL FindHs (hl (] 2(3y,h3(3), h4(j) EtaNew,SigmaEt)

CALL FindHs {(h5(k ,h6(k) h7{(k),h8(k),ZetaNew, Sigmait)
XPnt (i, j,k)=XPnt (i, J, k)
+(XS(3,1,3)-h1(3)*XS(1,1,1)
-h2(j§)*%S(2,1,1)
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-h3(j) *PXS1PE(i, 1)
~-h4 (j) *PXS2PE (i, 1)) *h5(k)
+(XS(4,1,3)-h1(])*XS(1,KK, 1)
-h2(3)*XS(2,KK, i)
-h3(j) *PXS1PE (i, KK)
~-h4 (J) *PXS2PE (i, KK) ) *h6 (k)
+(PXS32t (i, j) - (hl(j) *PXS32t (i, 1)
+h2(3) *PXS32zt (i, JJ)
+h3(3j) *P2X00+h4 (j) *P2X01) ) *h7 (k)
+(PXS42t (i, j)-(hl(3j) *PXS42t (i,1)
+h2 (§) *PXS42Zt (i, JJ)
+h3(j) *P2X10+h4 () *P2X11) ) *h8 (k)
YPnt (i, j, k)=YPnt (i, j, k)
+(¥S(3,1i,3)-h1(3j)*¥S(1,1,1)
-h2(j)*YsS(2,1,1)
-h3(3j) *PYS1PE (i, 1)
-h4 (j) *PYS2PE (i, 1)) *h5(k)
+(YS(4,1,3)-h1(3)*¥S(1,KK,1i)
~h2 (j) *YS(2,KK, i)
-h3(3j) *PYS1PE (i, KK)
-h4 (j) *PYS2PE (i, KK) ) *h6 (k)
+(PYS3Zt (i, §)-(h1(j) *PYS32t (i,1)
' +h2(3)*PYS32Zt (i, JJ)
+h3 () *P2Y00+h4 (j) *P2Y01) ) *h7 (k)
+(PYS4Zt (i, §)-(h1(j) *PYS42t (i,1)
+h2 () *PYS42t (i, JJ)
+h3(3) *P2Y10+h4 (3) *P2Y11)) *h8 (k)
ZPnt (i, 3,k)=2Pnt (i, j, k)
+(2S(3,1,3)-h1(3)*2s(1,1,1)
-h2(j)*2S(2,1,1)
-h3(j)*P2ZS1PE(i, 1)
-h4 (3)*P2S2PE (i, 1)) *h5 (k)
+(25(4,1, 3)-h1(3)*28(1,KK, i)
-h2(3j)*2S(2,KK, 1)
-h3(3)*P2ZS1PE (i, KK)
-h4 (j) *P2S2PE (i, KK) ) *h6 (k)
+(P2832t (i, j)—-(hl(3)*P2S32Zt (i, 1)
+h2(3) *P2S32t (i, JJ)
+h3(3)*P2200+h4 () *P2201)) *h7 (k)
+(P2S42t (i, ) -(hl(3)*P2S4zt (i, 1)
+h2(j) *P2S42t (i, JJ)
+h3(3) *P2210+h4 (j) *P2211)) *h8 (k)

RO IR o aR VR O33R Vo 2R Va2 o8 Vo 38 o8 V238 ¥ 38 V2 38 02 AR OROEGEOROEOGEOEOGEOHEHEHEHENHY LOROEOROGEGEOGROGEOGEGEGEHENS

70 CONTINUE
80 CONTINUE
80 CONTINUE
RETURN
END

SUBROUTINE PrGrid (XPnt,Y¥Pnt,ZPnt,II,JJ,KK,OutNum,MxGSiz)
This SUBRCUTINZ prints (tc output) the grid point ¥, y, and z cocrdinates.

INTEGER 1, . k, IZ, JJ, KK, CutNum

[N

RERL XPnt (MxGSiz,M=Gsiz, MxGSiz),
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S YPnt (MxGSiz,MxGsiz,MxGSiz),

S ZPnt (MxGSiz,MxGsiz, MxGSiz)
C

WRITE (OutNum, *) II

WRITE (OutNum, *) JJ

WRITE (OutNum, *} KK
C

DO 30 i=1,II
DO 20 3=1,JJ
DO 10 k=1,KK
WRITE (OutNum, 35) XPnt (i, j,k),YPnt (i, 3, k),2Pnt (1,3, k)
10 CONTINUE

20 CONTINUE
30 CONTINUE
C
35 FORMAT (1X,F10.6,3x,F10.6,3X,F10.6)
c
RETURN
END
C
C============================= ------ ==== === = C
C

SUBROUTINE RdGrIn(II,JJ,KK,NSurfs,SigmaXi,SigmaEt,Sigmazt,

S kXil, kXi2,kEtal, kEta2,kZetal, kZeta2, InNum)
c
C This SUBROUTINE reads in the desired grid information for grid control.
c

INTEGER StrxXi, StrEt, Strzt, InNum, II, JJ, KK

C
REAL kXil, kXi2, kEtal, kEta2, kZetal, kZeta2,
$ BetaXi, BetaEt, BetaZt, SigmaXi, SigmaEt, Sigmazt
C
READ (InNum, *) NSurfs
C
READ (InNum, *) II
READ (InNum, *) JJ
READ (InNum, *) KK
C
READ (InNum, *) SigmaXi
READ (InNum, *) SigmaEt
READ (InNum, *) SigmaZt
C
READ (InNum, *} kXil
READ (InNum, *) kXiZ
READ (InNum, *) kEtal
READ (InNum, *} kEta?2
READ (InNum, *) kZetal
READ (InNum, *) kZetaz
C
RETURN
END
C
C===============================s=====s==sS===ss==Ss===ss===s===s======(
C
SUBROUTINE RdCviIn (x,y,z,NDPts,CrvNum,Tensn,InNum,MxBPts,
s StrTp,Betal,Beta?)
C

C This SUBROUTINE reads in the information concerning discrete points on
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C the boundaries. This information is used for generating spline-fitted
C boundary approximation curves.

C
INTEGER CrvNum, i, NDPts(4), InNum, StrTp
C
REAL x(4,MxBPts), y(4,MxBPts),
S z (4,MxBPts), Tensn(4)
C
READ (InNum, *) Tensn (CrvNum)
READ (InNum, *) NDPts (CrvNum)
C

DO 10 i=1,NDPts {(CrvNum)
READ (InNum, *) x({(CrvNum, i), y(CrvNum,i), z(CrvNum,i)
10 CONTINUE

C
READ (InNum, *) StrTp
IF (StrTp.NE.4) THEN
READ (InNum, *) Betal
ELSE
READ (InNum, *) Betal,BetaZ2
ENDIF
C
RETURN
END
C
C============================================= ————— e e Y T Tt
C
SUBROUTINE CalcS (x,y,z,s,NDPts,CrvNum, MxBPts)
C

C This SUBROUTINE calculates the spline parameter, s, as an approximate
C arc length.

C

INTEGER NDPts(4), CrvNum, 1
C

REAL x{4,MxBPts), y(4,MxBPts),

S z(4,MxBPts), s{4,MxBPts)
C

s(CrvNum, 1)=0.0

C

DO 10 i=2,NDPts (CrvNum)
s (CrvNum, i)=s (CrvNum, i-1)

S +SQRT({ (x(CrvNum,i)-x{(CrvNum,i=1))**2
S +(y (CrvNum, i) -y (CrvNum,i-1) )} **2
S +(z (CrvNum, i) -z (CrvNum, i-1)) **2)
10 CONTINUEZ
C
RETURNK
END
C
C========================================================================
C
SUBROUTINE SplMat (Diag,0fDiag,Right,w,s,NDPts,T,CrvNum,MxBPts)
C

C This SUBROJUTINE forms the parametric tension spline matrix for a
C particular koundary curve data set.
C
INTEGER 1, NIBts(4), CrvNum
C
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REAL Diag (MxBPts), OfDiag(MxBPts), Right (MxBPts),

S w(4,MxBPts), s(4,MxBPts), T, h, hm
c
Diag(1l)=1.0
0fDiag(l)=0.0
Right (1)=0.0
C
DO 10 i=2,NDPts (CrvNum}-1
h=s (CrvNum, i+1) -s (CxrvNum, i)
hm=s (CrvNum, i) -s (CrvNum, i-1)
Diag(i)=(T*COSH(T*hm)/SINH(T*hm)-l/hm+T*COSH(T*h)/SINH(T*h)
$ -1/h) /T**2
OfDiag(i)=(1/h-T/SINH(T*h))/T**2
Right (i})= (w(CrvNum, i+1)-w (CrvNum,i))/h
S - (w (CrvNum, i) -w (CrvNum, i-1}) /hm
10 CONTINUE
Cc
Diag (NDPts (CrvNum))=1.0
OfDiag (NDPts(CrvNum)-1)=0.0
Right (NDPts (CrvNum) }=0.0
C
RETURN
END
c
C==================————— —mmmmmEE= === =
C
SUBROUTINE SplSlv (Diag,OfDiag,Right,Derv2,NDPts, CrvNum, MxBPts)
C
C This SUBROUTINE solves the diagonally dominant parametric tension
C spline matrix for a given data set using the Gauss-Seidel iteration.
C Convergence is assumed after 20 iterations.
C
INTEGER i, Jj, NDPts(4), CrvNum
C
REAL Diag(MxBPts), OfDiag(MxBPts), Right (MxBPts),
S Derv?Z2 (4,MxBPts)
C
C Initialize the second derivative matrix to all zeroes.
C

DO 10 i=1,NDPts(CrvNum)
Derv2 (CrvNum, 1}=0.0
10 CONTINUE
C
C Calculate the second derivative values using 20 iterations of
C the Gauss-Seidel method.

C
DO 30 j=1,20
DO 20 i=2,NDPts(CrvNum)-1
Derv2(CrvNum,i)=(Right(i)-OfDiag(i)*Derv2(CrvNum,i+l)
$ —OfDiag(i-l)*Deer(CrvNum,i—l))
S /Diag(i)
20 CONTINUE
30 CONTINUE
C
RETURN
END
C
C==============:=========================================================
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c

C

FUNC

TION Splval (s,w,Derv2,sval,T,n,CrvNum, MxBPts)

C This real function finds the w-value (x-value or y-value) corresponding
C to a specified s-value using the parametric tension spline curve
C generated for a particular boundary curve data set.

C

C

C

$

$

$

INTE

REAL

Temp
h=s (
Temp
Inte

Splv

SUBR

GER n, CrvNum

s(4,MxBPts), w(4,MxBPts), Derv2(4,MxBPts),
sval, T, h, Interim, Templ, Temp2

l=sval-s (CrvNum, n)

CrvNum, n+1) -s (CxrvNum, n}

2=s (CrvNum, n+1) -sval

rim=Derv2 (CrvNum, n) /T**2*SINH (T*Temp2) /SINH(T*h)

+ (w (CrvNum, n) -Derv2 (CrvNum, n) /T**2) *Temp2/h

al=Interim+Derv2 (CrvNum, n+l) /T**2*SINH (T*Templ)
/SINB(T*h) + (w(CrvNum, n+1l)
~-Derv2 (CrvNum, n+l) /T**2) *Templ/h

QUTINE PTSpln(x,y,z,s,XDerv2,YDerv2,ZDerv2,Diag,0fDiag,
Right,NDPts, Tensn, CrvNum, MxBPtLs)

C This SUBROUTINE forms the main routine for the parametric tension
spline process.

C
C

C

ONn O

OO

LN

INTE

REAL

CALL
CALL
CALL
CALL
CALL
CrLL
CALL

RETU
END

GER NDPts(4), CrvNum

Diag (MxBPts), 0OfDiag(MxBPts), Right (MxBPts),
XDerv2 (4,MxBPts), YDerv2(4,MxBPts),

ZDerv?2 (4,MxBPts), Tensn,

% {(4,MZBPts), y(4,MxBPts),

z(4,MxBPts), s(4,MxBPts)

CalcS(x,y,2,s,NDPts, CrvNum, MxBPts)
Sleat(Diag,OfDiag,Right,x,s,NDPts,Tensn,CrvNum,MxBPts)
SplSlv(Diag, Ofbiag,Right, XDerv2,NDPts, CrvNum, MxBPts)
SplMat (Diag, OfDiag,Right,y,s,NDPts, Tensn, CrvNum, MxBPts)
SplSliv(Diag,OfDiag,Right, YDerv2,NDPts, CrvNum, MxBPts)
SplMat (Diag,OfDiag, Right,z, s, NDPts, Tensn, CrvNum, MxBPts)
SplSlv{Diag,0fDiag,Right, ZDerv2,NDPts, CrvNum, MxBPts)

RN

SUB

CUTINE FindHs(h1,h2,h3,hd,n,s)

ROUTINE computes the h factors used in Hermite interpolation.
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REAL hl, h2, h3, h4, n, s
/ al, a2, a3, a4, a, b, bbaa, sh, ch, shsn, shsnl

IF (s.NE.Q) THEN
sh=sinh (s)
ch=cosh(s)
a2=sh/(2.*sh-s*ch-s)
al=1-a?2
a=s*ch-sh
b=sh-s
bbaa=b*b-a*a
a3=-a*sh/bbaa
ad4=b*sh/bbaa
shsn=sinh (s*n)/sh
shsnl=sinh(s*(l1.-n))/sh
hl=a2* (shsnl-shsn)+al*(l.-n)+a2*n
h2=a2* (shsn-shsnl)+a2*(1.-n)+al*n
h3=a3*((l.-n)-shsnl)+a4* (n-shsn)
hd4=a4* (shsnl-(1.-n))+a3* (shsn-n)
ELSE
hl= 2*n**3-3*n**2+]
h2==-2*n**3+3*n**2
h3= n**3-2*n**2+4n
h4= n**3-n**2
ENDIF

C
SUBROUTINE SpliInt (n,s,SValue,NDPts,CurCrv,MxBPts)
C
C This SUBROUTINE finds the proper interval in which a point on a specified
C boundary lies. The interval indicates which initial data points the
C point in question lies between and thus which spline coefficients to
C use.

C
C
INTEGER i, n, CurCrv, NDPts(4)
C
REAL Temp, SValue, s{4,MxBPts)
c
n=1
i=NDPts (CurCrv)
C
10 IF ((n.EQ.1).AND.(i.GT.1)) THEN
I=1-1
Temp=SValue-s (CuxCrv, i)
C
IF (Temp.GT.0.0) THEN
n=1
ENDIF
C
GOTO 10
ENDIE
C
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END
C
C

SUBROUTINE FAlNew (AlNew,Alpha,B,Str)
c

C This SUBROUTINE computes the new Alpha value after stretching as
C AlNew. Alpha is a dummy variable representing either Xi, Eta or Zeta.
C

INTEGER Str

C
REAL Alpha, Templ, Temp2, B2, AlNew, B
C

AlNew=Alpha
Templ=(B+1) / (B-1)

c .
IF (Str.EQ.1l) THEN
Temp2=Templ** (1-Alpha)
AlNew= ( {B+1) - (B-1) *Temp2) / (Temp2+1) *1
ENDIF
C
IF (Str.EQ.2) THEN
B2=0
Temp2=Templ** ( (Alpha-B2)/(1-B2})
AlNew= ( (B+2*B2) *Temp2-B+2*B2)/ ( (2*B2+1) * (L+Temp2) )
ENDIF
C
IF (Str.EQ.3) THEN
B2=0.5
Temp2=Templ** ( (Alpha-B2)/(1-B2))
AlNew= ( (B+2*B2) *Temp2-B+2*B2)/ ((2*B2+1) * (1+Temp2))
ENDIF
C
RETURN
END
C
c============:==================-____..._.__..=.___============================
C
SUBROUTINE Engts(Xl,X2,X3,X4,Y1,Y2,Y3,Y4,Zl,ZZ,Z3,Z4,AL,BL,
$ AAStep, BBStep, X,y,2,S,2X,2Y,2z,NDPts, Tensn,
$ StrAA, StrBB, BetaAA, BetaBB, MxBPts, MxGSiz)
C
C This SUBROUTINE calculates the grid point locations along the surface
C edges.
C
INTEGER ACt, BCt, nl, n2, n3, n4,
S AL, BL, StrAA, StrBB, NDPts(4)
C
REAL AR, BB, AANew, BBNew, S1, S2, S3, S4, BBStep, AAStep,
S S1AAR, S2AAR, S3BBR, S4BBR,
S X1 (MxGSiz), X2 (MxGSiz), X3 (MxGSiz), X4 (MxGSiz),
S v1(MxGSiz), Y2 (MxGSiz), Y3(MxGSiz), Y4(MxGSiz),
S 21 (Mx383iz), 22(MxGSiz), 23(MxGSiz), 24 (MxGSiz),
S »(4,MxBPts), y (4,MxRBPts), z (4,MxBPts}),
S s(4,MxBPts), zx(4,MxBPts), zy(4,MxBPts),
S zz (4,M»BPts), Tensn(4), BetaAA, BetaBB
C
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S1AAR=s(1,NDPts(1))
S2AAR=s (2,NDPts(2})
S3BBR=s (3,NDPts (3} )
S4BBR=s (4, NDPts(4))

Calculate the grid point locations along boundaries 1 and 2.

AA=0.0

(@] (o X e X®]

DO 10 ACt=1,AL

CALL FAlNew (AANew, AA,BetaAA,StrAA)
S1=AANew*S1AAR
S2=AANew*S2AAR
CALL SplInt(nl,s,S1,NDPts,1,MxBPts)
CALL SplInt(nZ,s,S2,NDPts,2,MxBPts)
X1(ACt)=Splval(s,x,2zx,S1,Tensn(1l),nl,1l,MxBPts)
X2 (ACt)=Splval (s, x,2x,52,Tensn(2),n2, 2,MxBPts)
Y1l (ACt)=Splval(s,y,zy,Sl,Tensn(l),nl,1l,MxBPts)
Y2 (ACt)=Splval(s,y,zy,S2,Tensn(2),n2,2,MxBPts)
Z1(ACt)=Splval(s,z,zz,S1,Tensn(l),nl,1,MxBPts)
22 (ACt)=Splval(s,z,zz,52,Tensn(2),n2,2,MxBPts)
AA=AA+AAStep

10 CONTINUE

Calculate the grid point locations along boundaries 3 and 4.

BB=0.0

O OO0

DO 20 BCt=1,BL

CALL FAlNew (BBNew, BB, BetaBB, StrBR)
S3=BBNew*S3BBR
S4=BBNew*S4BBR
CALL SplInt(n3,s,S3,NDPts, 3,MxBPts)
CALL SplInt(n4,s,S4,NDPts,4,MxBPts)
X3 (BCt)=Splval (s, x, 2%, 53, Tensn(3},n3, 3,MxBPts)
X4 (BCt)=Splval (s, x,zx,S4,Tensn(4},n4, 4,MxBPts)
Y3 (BCt)=Splval(s,y,zy,S3,Tensn(3),n3, 3,MxBPts)
Y4 (BCt)=Splval(s,y.,zy,S4,Tensn(4),n4,4,MxBPts)
Z3(BCt)=Splval(s,z,22,83,Tensn(3),n3, 3,MxBPts)
74 (BCt)=Splval(s,z,zz,54,Tensn(4),n4, 4,MxBPts)
BB=BR+BBStep

20 CONTINUE

C
RETURN
END
C
C==============.__============================== ____
C
SUBROUTINE EdgDer (PX1PAA,PX2PAA,PY1PAA,PY2PAA,PZ1PAA, PZ2PAA,
$ PX3PBB, PX4PBRBR, PY3PBB, PY4PRBB, PZ3PBB, PZ4PRB,
S X1,%X2,X3,%X4,Y1,Y2,Y3,Y4,21,22,23, 24,
S AL, BL,MxGSiz)
C
INTEGER ACt, BCt, AL, BL
C

REAL AAStep, BBStep, PX3PBB(MxGSiz), PX4PBB (MxGSiz),
S EY3FPBB (MxGSiz), PY4PBB(MxGSiz), PZ3PBB(MxGSiz),
S FZ4PRB (MxGSiz), PX1PAAR (MxGSiz), PX2PAA(MxGSiz),
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C

W v

PY1PAA (MxGSiz),
PZ2PAA (MxGSiz),

PYZ2PAA (MxGSiz),

X1 (MxGSiz),

X2 (MxGSiz),

P21PAA (MxGSiz),

X3 (MxGSiz),

X4 (MxGSiz),
Y4 (MxGSiz),
24 (MxGSiz)

Y1l {(MxGSiz),
z1 (MxGSiz),

Y2 (MxGSiz),
22 (MxGSiz),

Y3 (MxGSiz),
z23 (MxGSiz),

C Calculate step size in the AA and BB directions.

C

c

AAStep=1./(AL-1.)
BBStep=1./(Bl-1.)

C Calculate the derivative values along the constant AA boundaries.

C

10
C

C Calculate the derivative values along the constant

C

PX1PAA (1)=(X1(2)-X1(1))/AAStep
PX2PAA(1)=(X2(2)-X2(1))/AAStep
PY1PAA(1)=(Y1(2)-Y1(1l))/AAStep
PY2PAA (1)=(Y2(2)~Y2 (1)) /AAStep
PZ1PAA(1)=(21(2)-21(1))/AAStep
PZ2PAA(1)=(22(2)-22(1))/AAStep
PX1PAA (AL)=(X1(AL) -X1(AL-1))/AAStep
PX2PAA (AL)=(X2(AL) -X2(AL-1))/AAStep
PY1PAA (AL)=(Y1(AL) -Y1(AL-1))/AAStep
PY2PAA(AL)=(Y2(AL) -Y2 (AL-1))/AAStep
PZ1PAA(AL)=(Z1(AL) -21(AL-1))/AAStep
PZ2PAA(AL)=(Z2(AL) -22(AL-1})/AAStep

DO 10 ACt=2,ARL-1

1(ACt+1)-X1(ACt-1))/2/AAStep
(

-Y1(ACt-1))/2/AAStep
~Y2 (ACt-1))/2/AAStep

PX1PAA(ACL)= (X

PX2PAA (ACt)= (X2 (ACt+1l)-X2 (ACt-1))/2/AAStep

PY1PAA(ACt)= (Y1 (ACt+1l)

PY2PAA(ACt)= (Y2 (ACt+1l)

PZ1PAA(ACt)= (Z1(ACt+1l)-2Z1(ACt-1))/2/AAStep

PZ2PAA (ACt)= (Z2(ACt+1)-Z2(ACt-1))/2/AAStep
CONTINUE

BB boundaries.

PX3PBB(1l)= (X3(2)-X3(1l))/BBStep

PX4PBB{1)= (X4(2)-%X4(1))/BBStep

PY3PBB(1l)= (Y3(2)-Y3(1l))/BBStep

PY4PBB(1)= (Y4(2)-Y4(1))/BBStep

PZ3PBB(1)= (23(2)-23(1))/BBStep

PZ4PBRRB(1)= (Z4(2)-24(1))/BBStep

PX3PBB (BL)=(X3(BL) -X3(BL-1))/BBStep

PX4PBE (BL)=(X4 (BL) -X4(BRL-1))/BBStep

PY3PBB (RL)=(Y3(BL) -Y3(BL-1))/BRBStep

PY4PBB (BL)=(Y4 (BL) -Y4(BL-1))/BBStep

PZ3FPBB(BL)=(Z3(BL) -Z3(BL-1))/BBStep

PZ4PBE (BL)=(24(BRL) -Z4(BL-1))/BBStep

DO 20 BCt=2,BL-1
PX3PBRB(BZt)= (X3 (BCt+l)-X3( -1))/2/BBStep
PX4PBB(BCL)= (X4 (BCt+1)-X4( 1)) /2/BBStep
PY3PBE(BCt)= (Y3 (BCt+1)- YB(BPt 1))/2/BBStep
DVY4PRE (BCt)= (Y4 (BCt+1)-Y4 (BCt-1))/2/BBStep
PZ3FBB(BCt)= (Z3(BCt+1)-2Z3(BCt-1))/2/BBStep
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PZ4PBB(BCt)= (24 (BCt+1)-24(BCt-1))/2/BBStep
20 CONTINUE

C
RETURN
END
C
C====.__========= ____ = -
C
SUBROUTINE TwoBnd (XS, YS, 2S, SrfNum, AL, BL, SigmaBB, k1, k2,
$ StrB,hl,h2,h3,h4,X1,X2,X3,X4,
$ Y1,Y2,¥3,Y4,21,22,23,24,PX1PBB,PX2PBB,
$ PY1PBB,PY2PBB,PZ1PBB, PZ2PBB, PX1PAA, PX2PAA,
$ PY1PAA,PY2PAA,PZ1PAR,PZ2PAR, PX3PBB, PX4PBE,
$ PY3PBB, PY4PBR, PZ3PBB, PZ4PBB,
$ MxBCvs,MxGSiz,MxSrfs)
C

C This SUBROUTINE calculates the interior grid point locations between
C two specified boundaries (1 and 2) by using transfinite Hermite
C interpolation.
c
INTEGER ACt, BCt, AL, BL, StrAA, StrBB, SrfNum, Edgl, Edg2,
$ Edg3, Edg4

REAL AA, BB, AANew, BBNew, LL1, LL2,
Boxli, Boxlj, Boxlk, Box2i, Box2j, BoxZ2k,
Templi, Templj, Templk, Temp2i, Temp2j, Temp2k,
k1l (MxSrfs,MxGSiz), k2 (MxSrfs,MxGSiz),
BetaAA, BetaBRB, BBStep, AAStep,
hl (MxGSiz), h2(MxGSiz), h3(MxGSiz), h4 (MxGSiz),
X1 (MxGSiz), X2 (MxGSiz), X3(MxGSiz), X4 (MxGSiz),
Y1 (MxGSiz), Y2{(MxGSiz), Y¥3(MxGSiz), Y4 (MxGSiz),
21 (MxGSiz), 22 (MxGSiz), Z3(MxGSiz), 24 (MxGSiz)
REAL PX1PBBR(MxGSiz), PX2PBB(MxGSiz),
PY1PBB (MxGSiz), PY2PBB(MxGSiz},
PZ1PBB {MxGSiz), PZ2PBB(MxGSiz),
PX1PAA (MxGSiz), PX2PAA(MxGSiz),
PY1PAA (MxGSiz), PY2PAA(MxGSiz),
PZ1PAA (MxGSiz), PZ2PAA(MxGSiz),
PX3PRB (MxGSiz), PX4PBB({MxGSiz),
PY3PBB (MxGSiz), PY4APBB(MxGSiz},
PZ3PBR (MxGSiz), PZ4PBB(MxGSiz),
XS (MxSrfs,MxGSiz,MxGSiz),
YS (MxSrfs,MxGSiz,MxGSiz),
2S (MxSrfs,MxGSiz,MxGSiz),
StrB(MxGSiz,MxBCvs)

LR ORGEOROGEOEGEOROHE RO W N\ WnnAn-n

C
C Calculate the step size in the AA and BB directions.
C

AAStep=1./(AL-1.)

BBStep=1./(BL-1.)

C
C
C Calculate the edge numbers for the surface 'SrfNum'.
C
Edgl=(SrfNum-1)*4 + 1
Edg2=(SrfNum-1)*4 + 2
Edg3=(Srfrum-1)*4 + 3
Edgi=(SrflNum-1)*4 + 4
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Calculate the derivative values for grid line orthogonality.

AA=0.0

(@] [oNeoXP]

DO 20 ACt=1,AL
Boxli= AA* ( PY1PAA(AL) *PZ4PBB(1)
-PZ1PAA (AL) *PY4PBB (1))
+(1-AA) *( PY1PAA(1l) *PZ3PBB(1l)
-PZ1PAA(1) *PY3PBB(1l))
Boxli= AA* ( PX1PAA(AL) *PZ4PBB(1)
-PZ1PAA(AL) *PX4PBB (1))
+(1-AA) *( PX1PAA(1l) *PZ3PBB(1l)
-PZ1PAA(1l) *PX3PBB(1l))
Boxlk= AA* ( PX1PAA (AL) *PY4PBB(1)
-PY1PARA (AL) *PX4PBB (1))
+(1-AA)*( PX1PAA(1l) *PY3PBB(1)
-PY1PAA({l) *PX3PBB(1l))
Box2i= AR* ( PY2PAA(AL)*PZ4PBB (BL)
-PZ2PAA(AL) *PY4PBB(BL))
+(1-AR)*( PY2PAA(l) *PZ3PBB(BL)
-P22PAA(1l) *PY3PBB(BL))
Box2j= AA* ( PX2PAA(AL)*PZ4PBB (BL)
~-PZ2PAA (AL) *PX4PBB(BL) )
+{1-AA)*( PX2PAA(l) *PZ3PBB(BL)
-PZ2PAA{1) *PX3PBB(BL))
Box2k= AA* ( PX2PAA(AL)*PY4PBB (BL)
-PY2PAA (AL) *PX4PBB(BL) )
+(1-AA)*{ PX2PAA(1) *PY3PBB(BL)
-PY2PAA(1) *PX3PBB(BL))
Templi=PY1PAA(ACt) *Box1k+PZ1PAA (ACt) *Box1]
Templj=PXlPAA(ACt)*Boxlk—PZlPAA(ACt)*Boxli
Templk=PX1PAA(ACt) *Box1j+PY1PAA (ACt) *Box1li
Temp2i=PY2PAA(ACt) *Box2k+PZ2PAA (ACt) *Box2]
Temp2j=PX2PAA (ACt) *Box2k-PZ2PAA (ACt) *Box2i
Temp2k=PX2PAA (ACt) *Box2 j+PY2PAA (ACt ) *Box2i
LL1=(Templi**2+Templj**2+Templk**2}**0.5
LL2=(Temp2i**2+Temp2j**2+Temp2k**2) **(.5

W0 L U Uy N L AN A U AN An RO R OE O]

C
PX1PBB(ACt)=-k1(SrfNum, ACt) *Templi/LL1
PX2PBB(ACt)=-k2 (SrfNum, ACt) *Temp2i/LL2
PYIPBB(ACt)= k1l (SrfNum,ACt)*Templj/LLl
PY2PBB(ACt)= k2 (SrfNum,ACt) *Temp2j/LL2
PZ1PBE (ACt)= k1l (SrfNum,ACt)*Templk/LL1
PZ2PBB (ACt)= k2 (SrfNum, ACt) *Temp2k/LL2

C

AA=AR+AAStep
20 CONTINUE

C

C Calculate the interior grid point locations.

C

DO 4C ACt=1,AL

DO 30 BCt=1,BL
Ar=(ARCt-1.)/(EL-1.)
BBlNew=StrB(BCt,Edg3) * (1.~AA)+StrB(BCt,Edgd) *AA
CELL FindHs (h1(BCt),h2(BCt),h3(BCt),h4(BCt), BBNew, SigmaBRB)
¥S{(Srflum,ACz,BCt)= hil{BCt)*X1(ACt)+h2(BCt)*X2(ACt)
+h3 (BCt)*PX1PBB(ACt)+h4 (BCt) *PX2PBB (ACt)

n»
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YS (SrfNum,ACt,BCt)= hl(BCt)*Y1(ACt)+h2(BCt)*Y2(ACt)
+h3 (BCt) *PY1PBB(ACt) +h4 (BCt) *PY2PBB (ACt)
2S (SrfNum, ACt,BCt)= hl(BCt)*Z1(ACt)+h2(BCt) *22 (ACt)

5 +h3 (BCt) *PZ1PBB(ACt) +h4 (BCt) *PZ2PBB (ACt)
30 CONTINUE
40 CONTINUE
cC
RETURN
END
C
C========= —========== = -
C
SUBROUTINE ForBnd(XS,YS, 28, SrfNum, AL, BL, SigmaAA, SigmaBB, k3, k4,
$ StrB,hl,h2,h3,h4,h5,h6,h7,h8,
$ X1,X2,%X3,%X4,Y1,Y2,Y3,Y4,21,22,23,24,
S PX1PBB, PX2PBB, PY1PBB,PY2PBB, PZ1PBB, PZ2PBB,
s PX1PAR,PX2PAA,PY1PAA,PY2PAA, PZ1PAA, PZ2PAA,
s PX3PBB,PX4PBB, PY3PBB,PY4PBB, PZ3PBB, PZ4PBB,
$ PX3PAA,PX4PAA,PY3PAA,PY4PAA,PZ3PAA, PZ4PAA,
$ MxBCvs,MxGSiz,MxSrfs)
C

C This SUBROUTINE adjusts the grid so that the other two boundaries
C (3 and 4) of the surface are mapped correctly using transfinite Hermite
C interpolation.
C
INTEGER ACt,
$ Edgl,

BCt,
Edg2,

AL, BL, StrAA, StrBB, i, 3,
Edg3, Edg4

SrfNum,

REAL AA, BB, AANew, BBNew, LL3, LL4,

Box3i, Box33j, Box3k, Box4i, Box43j, Boxdk,
Temp3i, Temp3j, Temp3k, Temp4i, Temp4j, Tempédk,
p2Y00, P2Y01l, P2Y10, P2Yll, P2X00, P2X01l, P2X10,
p2200, P2201, P2zZ10, P2Z11,

k3 (MxSrfs,MxGSiz), k4 (MxSrfs,MxGSiz),

BetalAA, BetaBB, BBStep, AAStep,

hl (MxGSiz), h2 (MxGSiz), h3(MxGSiz),
h5 (MxGSiz), h6(MxGSiz), h7(MxGSiz),
X1 (MxGSiz), X2 (MxGSiz), X3(MxGSiz),
Y1 (MxGSiz), Y2 (MxGSiz), Y3 (MxGSiz),
71 (MxGSiz), 22{MxGSiz), Z3(MxGSiz),

P2X11,

h4 (MxGSiz),
h8 (MxGSiz),
X4 (MxGSiz),
Y4 (MxGSiz),
Z4 (MxGSiz)

REAL PX1PBB{(MxGSiz),
PY1PRR (MxGSiz),
PZ1PBB (MxGSiz),
PX1PAA (MxGSiz),
PY1PAA (MxGSiz),
PZ1PAA (MxGSiz),
PX3PBB (MxGSiz),
PY3PBR (MxGSiz),
PZ3PBRB (MxGSiz),
PX3PAA (MxGSiz),
PY3PAA (MxGSiz),
PZ3PAA (MxGSiz),

PX2PBB (MxGSiz}),
PY2PBB (MxGSiz),
PZ2PBB (MxGSiz),
PX2PAA (MxGSiz),
PY2PAA (MxGSiz),
PZ2PAA (MxGSiz}),
PX4PBB (MxGSiz),
PY4PBB (MxGSiz},
PZ4PBB (MxGSiz),
PX4PAA (MxGSiz},
PY4PAA (MxGSiz),
PZ4PAA (MxGSiz),

XS (MxSrfs,MxGSiz,MxGSiz),
YS (MxSrfs,MxGSiz,MxGSiz),
28 (MxSrfs,MxGS8iz,MxGSiz),
StrB(MxGSiz, MxBCvs)
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C
C Calculate the step size for directions AA and BB.
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AAStep=1./(AL-1.)

BBStep=1./(BL-1.)
C
C Calculate edge numbers for the surface 'SrfNum'
C

Edgl=(SrfNum-1)*4 + 1

Edg2=(SrfNum-1)*4 + 2

Edg3=(SrfNum-1)*4 + 3

Edg4=(SrfNum-1)*4 + 4

C
C
C Calculate the derivative values for grid line orthogonality.
C

BB=0.0
C

DO 20 BCt=1,BL :

Box3i= BB*( PY2PAA (1) *PZ3PBB (BL)

$ -PZ2PAA (1) *PY3PBB(BL))

S +{(1-BB)*( PY1PAA(1l)*PZ3PBB(1)

S -PZ1PAA (1) *PY3PBB (1))
Box3j= BB* ( PX2PAA (1) *PZ3PBB (BL)

$ -PZ2PAA (1) *PX3PBB(BL))

S +(1-BB) *{ PX1PAA(1l)*PZ3PBB(1)

$ -PZ1PAA (1) *PX3PBB (1))
Box3k= BB* ( PX2PAA (1) *PY3PBB (BL)

$ -PY2PAA (1) *PX3PBB(BL))

$ +(1-BB)*( PX1PAA(1l)*PY3PBB(1l)

$ -PY1PAA (1) *PX3PBB(1))

. Boxd4i= BB* ( PY2PAA (1) *PZ4PBR (BL)

S -PZ2PAA (1) *PY4PBB(BL))

S +(1-BB)*( PY1PAA(l)*PZ4PBB(1)

S -PZ1PAA (1) *PY4PBB (1))
Box4j= BB* ( PX2PAA (1) *PZ4PBB (BL)

5 ~PZ2PAA (1) *PX4PBB(BL) )

S +(1-BR)*( PX1PAA(1l)*PZ4PBB (1)

$ -PZ1PAA (1) *PX4PBB (1))
Boxdk= BB* ( PXZPAA (1) *PY4PBB(BL)

$ -PY2PAA (1) *PX4PBB(BL) )

S +(1-BB) *( PX1PAA (1) *PY4PBB (1)

S -PY1PAA (1) *PX4PBB (1))
Temp3i=PZ3PBR (BCt) *Box3j+PY3PBB (BCt) *Box3k
Temp3j=PZ3PBB(BCt) *Box3i~PX3PBB (BCt) *Box3k
Temp3k=PY3PBRE (BCt) *Box31+PX3PBB (BCt) *Box3]j
Temp4i=PZ4PRBB (BCt) *Box4 j+PY4PBB (BCt) *Box4k
Temp4 j=PZ4PBB (BCt) *Box41-PX4PBB (BCt) *Box4k
Temp4k=PY4PBB (BCt) *Box41+PX4PBB (BCt) *Box4j
LL3=(Temp3i**2+Temp3j**2+Temp3k**2) **0.5
LL4=(Temp4i**2+Tempd j**2+Tempdk**2)**0.5

C
PX3PAA(BCt)= k3 (SrfNum,BCt)*Temp3i/LL3
PX4PAA(BCt)= k4 (SrfNum, BCt) *Temp4i/LL4
PY3PAA(BCt)= k3 (SrfNum,BCt)*Temp3j/LL3
PY4FAA (BCt)= k4 (SrfNum,BCt) *Temp4j/LL4
PZ3PAA(BCt)=~k3(SrfNum, BCt) *Temp3k/LL3
PZ4PAZ (Bt )=-k4 (SrfNum, BCt) *Temp4k/LL4

C

BE=RR+BRStep
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C Set

C
C Calc
C

R OEOGRGRLELGEGEGEHEHEHE GRG0 WMV nnnnn

CONTINUE
the cross—-derivative terms equal to zero.

P2X00=0.
P2X10=0.
P2X01=0.
P2X11=0.
P2Y00=0.
P2Y10=0.
P2Y01=0.
P2Y11=0.
P2200=0.
P2210=0.
P2201=0.
P2211=0.

OCOOOOOOCOOOOOO

ulate the grid point locations everywhere.

DO 40 i=1,AL
DO 30 j=1,BL
AA=(i-1.)/(AL-1.)
BB=(j-1.)/(BL-1.)
AANew=StrB(i,Edgl)*(1.-BB)+StrB(i,Edg2)*BB
BBNew=StrB (j, Edg3) * (1.-AA)+StrB(j,Edgd) *AA
CALL FindHs (hl(3j),h2(3j),h3(3),h4(j),BBNew, SigmaBB)
CALL FindHs (h5(i),h6(i),h7(i),h8 (i), AANew,SigmaAh)
XS (SrfNum, i, j)=XS(SrfNum, i, j)
+(X3(3)-h1(3)*X1(1)
-h2 (3) *X2 (1)
-h3(j) *PX1PBB(1)
-h4 (j) *PX2PBB (1) ) *h5 (1)
+(X4(3)-h1(3)*X1(AL)
-h2 (j) *X2 (AL)
-h3(j) *PX1PBB (AL)
—h4(j)*PX2?BB(AL))*h6(i)
+(PX3PAA(j)~( hl(j)*PX3PAA(1l)
+h2 (3) *PX3PAA (BL)
+h3(§) *P2X00+h4 () *P2X01) ) *h7 (1)
+(PX4PAA (j) - ( hl(j)*PX4PAA(1)
+h2 (j) *PX4PAA (BL)
+h3(j)*P2X10+h4(j)*P2X11))*h8(i)
YS(SrfNum, i, J)=YS(SrfNum, i, j)
+(Y3(3)-h1(3)*YL1(1)
-h2 (j)*Y2(1)
-h3(3) *PY1PBB(1)
-h4(j)*PY2PBB(1))*h5(i)
+(Y4 (3)-h1(j) *Y1(AL)
-h2(3) *Y2 (AL)
—h3(j)*PYlPBB(AL)
—h4(j)*PY2PBB(AL))*h6(i)
+(PY3PAA(]) - ( hl(j)*PYBPAA(l)
+h2 (3) *PY3PAA (BL)
+h3(j)*P2YOO+h4(j)*P2YOl))*h?(i)
+(PY4PAA () —( hl(3)*PY4PAA(1)
+h2 (3) *PY4PAA (BL)
+h3(j)*P2YlO+h4(j)*P2Y11))*h8(i)
28 (Srftlum, i, 3)=ZS(SrfNum, i, j)
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30
40

$

+(23(3)-h1(j)*21(1)

-h2 (3) *22 (1)

-h3(3) *PZ1PBB(1)

-h4 (3) *PZ2PBB (1) ) *h5 (i)
+(24 (3) -h1(3) *21 (AL)

-h2 (3) *22 (AL)

-h3(3) *PZ1PBB (AL)

-h4 (3) *PZ2PBB (AL) ) *h6 (1)
+(PZ3PAA(3)-( hl(j)*P2Z3PAA (1)

+h2 (3) *P23PAA (BL)
+h3(3) *P2200+h4 (j) *P2201) ) *h7 (i)

+(PZ4PAA(j)-( hl(]j) *PZ4PAA (1)

CONTINUE
CONTINUE

+h2 (3) *PZ4PAA (BL)
+h3(3) *P2210+h4 (j) *P2211) ) *h8 (i)

NoIlts,MxGSiz)

C This SUBROUTINE smocths 3D,
C disturbed by a constant Zeta cusp in a Xi-Zeta boundary surface. The
C process produces smoother grid lines in the Zeta direction.

C

o0

a0

$

$

LT O B O B 72 TS 7 TR 7> S 77 3

N

INTEGER k¢, i, 3J, k, 1,
KCusp (MxGSiz),

constant Zeta grid planes which have been

II, JJ, KK, NICsps, Nolts,
Jl, J2

REAL XPnt (MxGSiz,MxGSiz,MxGSiz), YPnt (MxGSiz,MxGSiz,MxGSiz),
ZPnt (MxGSiz,MxGSiz,MxGSiz)
REAL XPnt(II,JJ,KK),YPnt(II,JJ,KK),2ZPnt(II,JJ,KK)

DO 30 k=1,NKCsps
kc=KCusp (k)
DO 20 i=2,1I-1
DO 10 j=J1+1,J2-1
DO 5 1=1,Nolts
XPnt (i, 3,kc)

YPnt (i, j,ke)

=0.5* (XPnt (i, j, kc+l)-2*XPnt (1, 3, kc)
+XPnt (i, j, kc-1}))+ XPnt (i, j, kc)
=0.5* (YPnt (i, j, kc+1l)-2*YPnt (1, j, kc)
+YPnt (i, j,kc-1))+ ¥YPnt (i, j, kc)

ZPnt (i, 3,ke)=0.5%(zPnt (i, j, ke+1) -2*ZPnt (i, 3, kc)

XPnt (i, j, kc-
YPnt (i, j, kc-

ZPnt (1, j, ke~

+ZPnt (i, j, kc-1))+ ZPnt (i, j, kc)
1}=0.25*(XPnt (i, j,kc)-2* XPnt (i, j,kc-1)
+XPnt (i, j, kc-2) )} +XPnt (i, j, ke-1)
1)=0.25*(YPnt (i, j, kc)=-2* YPnt (i, j,kec-1)
+YPnt (i, j,kc-2) ) +¥YPnt (i, j, ke-1)
1)=0.25*(ZPnt (i, j,kc)-2* ZPnt (i, 3, ke-1)
+zPnt (i, j,kc-2))+ZPnt (i, j, kc-1)

XPnt (i, 3, kc+1)=0.25% (XPnt (i, 3,kc+2) -2*XPnt (i, j, ke+1)

+XPnt (i, j, kc) )+ XPnt (1, j, kec+1)

YEnt (i, 3, kc+1)=0.25* (YPnt (1, j,kc+2)-2*YPnt (i, j, kc+1)

+YPnt (i, j,ke) )+ YPnt (i, ,kc+1)

ZPnt (1, j,kc+1)=0.25*(2Pnt (1, j,kc+2)-2*ZPnt (i, 7, kc+1)
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$ +ZPnt (i, j, kec)) + ZPnt (1, j, kc+1)
5 CONTINUE
10 CONTINUE
20 CONTINUE
30 CONTINUE
c
RETURN
END
C
C - Pt T - T T
C
SUBROUTINE RdGrPIn(NGPts,XB,YB,ZB,CrvNum,MxGSiz,InNum)
o
INTEGER NGPts, CrvNum
C
REAL XB(MxGSiz,4), YB{MxGSiz,4), ZB (MxGSiz, 4)
C
C This subroutine reads in the coordinates of the grid points
C on one edge.
C
DO 10 i=1,NGPts
READ(InNum,*)XB(i,CrvNum),YB(i,CrvNum),ZB(i,CrvNum)
10 CONTINUE
c
RETURN
END
C
C=____====___===================-—_-====================___ ———————
C
SUBROUTINE CalStl (NGPts, XB,YB, ZB, CrvNum, EdgNum,
S StrB,MxBCvs,MxGSiz)
C
C This subroutine calculates the distribution function that corresponds
C to the given distribution of grid points along the edge 'EdgNum'.
C
INTEGER NGPts, CrvNum, EdgNum, i
C
REAL XB (MxGSiz, 4), YB(MxGSiz,d4), ZB (MxGSiz,4),
$ StrB(MxGSiz,MxBCvs)
C
StrB (1, EdgNum)=0.
C
DO 10 i=2,NGPts
StrB(i,EdgNum)=StrB(i-1,EdgNum) +
$ SORT ( (XB (i, CrvNum)-XB(i~-1,CrvNum))**2 +
$ (YB(i,CrvNum)-YB(i-1,CrvNum))**2 +
$ (ZB (i, CrvNum)-2ZB (i-1,CrvNum)) **2)
10 CONTINUE
C
SMax=StrB(NGPts, EdgNum)
DO 20 i=2,NGPts
StrB(i,EdgNum)=StrB (i, EdgNum) /SMax
20 CONTINUE
C
RETURIN
END
C
c======================================================================
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This subroutine calculates the distribution function based on the

SUBROUTINE CalSt2 (EdgNum, NGPts, StrTp,Betal,BetaZ2,
StrB,MxBCvs,MxGSiz)

stretching parameters 'StrTp' and 'Beta'

This subroutine calculates the grid point location along an edge

INTEGER NGPts, StrTp, EdgNum,

REAL StrB (MxGSiz,MxBCvs),

StrB (1, EdgNum) =0
IF (StrTp.LE.3) THEN
DO 10 i=1,NGPts-1

Alpha=(i-1.)/ (NGPts-1.

Betal, Beta2, A, B, DZ

)

CALL FAlNew (AlNew,Alpha,Betal, StrTp)

StrB{i, EdgNum)=AlNew
CONTINUE
ELSEIF (StrTp.EQ.4) THEN

CALL Str4Prm(Betal,Betal,A,B,DZ)

DO 20 i=2,NGPts-1

Alpha=(i-1.)/ (NGPts-1.

)

CALL Str4 (AlNew,Alpha,A,B,D2Z)

StrB (i, EdgNum)=AlNew
CONTINUE
ENDIF
StrB (NGPts, EdgNum) =1

RETURN
END

SUBROUTINE EdgGPts (CrvNum, EdgNum, NGPts, XB, YB, ZB, StrB,
X,Y,2,8,2%,2yY,22,NDPts, Tensn,
MxBCvs, MxBPts,MxGSiz)

based on a spline curve fitted through specified nodal points and a

give

$
$
$

n distribution function.

INTEGER CrvNum, EdgNum, NGPts,

NDPts(4), 1, n

REAL XB (MxGSiz,4), YB(MxGSiz,4), ZB(MxGSiz,4),
x{(4,MxBPts), y(4,MxBPts),
z (4,MxBPts), zx(4,MxBPts), zy(4,MxBPts),

zz (4,MxBPts), s(4,MxBPts), Tensn

StrB(MxGSiz,MxBCvs}),

SRa=8 (CrvNum, NDPts (CrvNum) )

DC 10 i=1,NGPts
SB= SRa*StrB i, EdgNum)

(
CALL SplInt(n,s,SB,NDPts,CrvNum, MxBPts)
X8 (i,CrvNum)= Spral(s %, z%,SB,Tensn, n, CrvNum, MxBPt s)
)
m)

YE(_,C*VRJW =
ZB(i,CrvN =3
CONTINUE
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SUBROUTINE Str4Prm(SO,S1,A,B,DZ)
REAL SO, S1, A, B, DZ, ¥, PI

This subroutine calculates the parameters A, B, and DZ for the two-
sided Vinokur stretching function.

PI=ACOS(-1.)

O OO0 O OO0

A=SQRT (S0/S1)
B=SQRT (S0*S1)

IF(B.GT.1.001)THEN
IF(B.LE.2.7829681) THEN

Y=B-1
DZ=SQRT (6.*Y)* (1.-0.15*Y+0.057321429* (Y**2)
$ ~0.024907295*% (Y**3)+0.0077424461* (Y**4)
$ -0.0010794123* (Y**5))
ELSEIF(B.GT.2.7829681) THEN
V=LOG (B)

W=1./B - 0.028527431
DZ=V+(1.+1./V)*LOG(2.*V)-0.02041793+0.24902722*W
$ +1.9496443% (Wx*2)-2.6294547* (W**3)+8.56795911* (W**4)
ENDIF
ELSEIF(B.LT.0.999) THEN
IF(B.LE.0.26838972) THEN
DZ=PI* (1.~-B+B**2-(1.+(PI**2)/6.)*(B**3)+6.794732* (B**4)
$ -13.205501* (B**5)+11.726095* (B**6))
ELSE
Y=B-1
DZ=SQRT (6.*Y)* (1.+0.15*Y+0.057321429* (Y**2)

$ +0.048774238* (Y**3)-0.053337753* (Y**4)
$ +0.075845134* (Y**5))
ENDIF
ENDIF
RETURN
END

SUBROUTINE Str4 (AlNew,Alpha,A,B,DZ)
REAL AlNew, Alpha, A, B, DZ, U, T
This subroutine calculates the value of the two-sided Vinokur

stretching function based on the value of the parameters A, B,
and DZ, and or. the value of the "computational" coordinate Alpha.

B.GT.1.001)TEEKX
=0.5+TANH(DZ* (Alpha-0.5))/ (2. *TANH(DZ/2.))
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ELSEIF(B.LT.0.999) THEN

U=0.5+TAN(DZ* (Alpha-0.5))/(2.*TAN(DZ/2.))
ELSE

U=Alpha* (1.+42.* (B-1) * (Alpha-0.5) * (1~-Alpha))
ENDIF
T=U/ (A+(1.-A) *U)
AlNew=T

SUBROUTINE KFctrs(ZoneNo, kS, k1,k2,k3,k4,kXil,kXi2,kEtal, kEtaz2,
S kZetal,kZeta2,MxSrfs,MxGSiz)

This subroutine is used to set the k-factors that are to be used.
The value of the k-factors is first set equal to the user specified
values of kXil, kXi2, kEtal, kEtaZ, kZetal and kZeta2. After that
the user can modify the k-factors for individual grid lines as
desired.

INTEGER ZonelNo

REAL kS (MxSrfs,MxGSiz,MxGSiz), k1l (MxSrfs,MxGsiz),
$ k2 (MxSrfs,MxGSiz), k3(MxSrfs,MxGSiz), k4 (MxSrfs,MxGSiz),
S kXil, kXi2, kEtal, kEtaZ2, kZetal, kZetaZ2

Set the starting values of the k-factors:
first, k-factors used in generating interior grid points

DO 100 i1=1,MxGSiz

DO 100 i2=1,MxGSiz
kS(1,1il,1i2)=kEtal
kS(2,1i1,12)=kEta2
kS(3,11,1i2)=kZetal
kS(4,1i1,1i2)=kZetaz

CONTINUE

then, k-factors used to generate boundary surfaces.

DO 200 il=1,MxGSiz
k1(1,1i1)=kXil
k2(1,1i1)=kXi2
k3(1,1il)=kZetal
k4 (1,1i1)=kZetaz?
kK1(2,1il1)=kxil
k2(2,11)=kXi?2
k3(2,1il)=kZetal
k4 (2,1il)=kZetaz
k1(3,1i1)=kEtal

k2 (3,11)=kEtaz
k3(3,11)=kXi1
k4 (3,11)=kXi2
kl(4,1l)=kEtel
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k2(4,1il)=kEtaZ

k3(4,1i1)=kXil

k4 (4,11)=kXiZ2
200 CONTINUE

C
Cc
C Here, the user can make any desired modification of the K-
C factors to improve the grid that he/she is generating. This part
C of the subroutine will be case dependent.
c
C
c
Cc
RETURN
END
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TABLE 3.1 — Guide To Grid Control Parameters

Parameter Range Trial Function
value
n 2 (two boundary method) Controls method used to
4 (four boundary method) generate the grid
% 0<G <o 0010 | Controls the shape
On (curvature) of grid lines
oL
Kr1 K2 Control orthogonality at
Kn1 Kn2 0€K<e 103 boundaries and curvature
Kz Koz of grid lines
(K-factors)
Type-i 1 (grid points) Determines whether edge
2 (node points and stretching is defined using grid
function) points or node points for
splining
StretchType i 0 (no clustering) Controls the distribution
1 (clustering near lower of grid points along Edge i
boundary)
2 (clustering near upper
boundary)
3 (symmetric clustering
near both boundaries)
4 (asymmetric clustering
near both boundaries)
Betal For StretchType =1,2 or 3: 1.1 Controls amount of
clustering near boundaries
1 <Betal <o (clustering increases as
Betal = 1)
Betal For StretchType = 4: 2.5 Control amount of
Beta2 clustering near boundaries

0 <Beta<eo

(clustering increases as
Beta — o)
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TABLE 3.2 — Listing of Input File For Generation of Grid System
For Zone 18 of Radial Turbine Coolant Passage

4 Technique
10 IL
15 JL
49 KL

10.000000 SigmaXi
20.000000 SigmaEta
10.000000 SigmaZeta

0.000000E+00 kXI1

0.000000E+00 kXI2

2.500000E-03 kETAl

2.500000E-03 kETA2

5.000000E-03 kZETAl

5.000000E-03 kZETAZ

1 Type - EDGE NO: 1 -—=————=——=——====--
.11645 .01677 .05842 -1
.11628 .01675 .05843 - 2
.11605 .01672 .05844 -- 3
.11572 .01668 .05845 -- 4
.11532 .01660 .05843 -- 5
.1149°1 .01664 .05853 -- 6
11467 .01690 .05878 -7
.11458 .01717 .05902 -- 8
.11438 .01715 .05904 -- 9
.11392 .01711 .05907 --10
.11321 .01704 .05911 --11
.11250 .01698 .05915 --12
.11204 .01694 .05918 --13
.11183 .01692 .05920 --14
.11181 .01662 .05894 --15
.11170 .01633 .05870 --16
.11148 .01608 .05851 --17
.11114 .01592 .05842 --18
.11078 .01598 .05853 --19
.1105¢6 .01620 .05877 --20
.11047 .01648 .05902 -=-21
.11026 .01646 .05904 -=22
.10980 .01642 .05907 -=-23
.10808 .01635 .05911 --24
.10839 .01627 .05915 --25
.10793 .01623 .05918 --26
.10772 .01621 .05920 -=-27
.10770 .01593 .05894 --28
.10759 .01567 .05868 --29
.10736 .01543 .058590 --30
.10702 .01528 .05842 --31
10667 .01535 .05853 --32
.10645 .01555 .0587¢ --33
.1063¢ .01581 .05902 --34
.10615 .0157¢8 .05904 -=-35
.10568 .01575 .05907 --36
.10498 .01568 .05911 --37
.10427 .0156C .05915 ~--38



TABLE 3.2 (continued)

.10381 .01556 .05918 --39
.10360 .01554 .05920 --40
.10359 .01531 .058098 --41
.10350 .01504 .05875 --42
.10331 .01479 .05854 --43
.10300 .01460 .05842 --44
.10268 .01450 .05838 --45
.10239 .01444 .05838 --46
.10214 .01442 .05839 --47
.10195 .014490 .05841 --48
.10181 .01439 .05842 --49
Type - EDGE NO: 2 —-—-——====—-————-—---
.11596 .01985 - .05842 -1
.11583 .01983 .05842 -- 2
.11564 .01981 .05843 -- 3
.11538 .01977 .05843 -- 4
.11507 .01975 .05845 --5
.11479 .01990 .05862 -- 6
.11464 .02012 .05883 -- 7
.11459 .02034 .05902 -- 8
.11438 .02032 .05904 -- 9
.11392 .02028 .05907 --10
.11321 .02021 .05911 --11
.11250 .02015 .05915 --12
.11204 .02010 .05918 --13
.11183 .02008 .05920 --14
.11181 .01979 .05894 --15
.11170 .01950 .05870 --16
.11148 .01924 .05851 --17
.11114 .01809 .05842 --18
.11078 .01915 .05853 --19
.11056 .01938 .05877 --20
.11047 .01966 .05902 --21
.11026 .01963 .05904 --22
.10980 .01959 .05907 -=-23
.10908 .01952 .05911 -=-24
.10839 .01945 .05915 --25
.10793 .01940 .05918 --26
.10772 .01938 .05920 -=27
.10770 .01911 .05894 --28
.10758 .01884 .05869 --29
.10736 .01860 .05850 --30
.10702 .01847 .05843 --31
.10667 .01854 .05853 --32
.10645 .01874 .05876 --33
.10636 .01900 .05902 --34
.10615 .01898 .05904 --35
.10569 .01894 .05907 --36
.104¢88 .01887 .05911 -=37
.10427 .01881 .05915 --38
.10381 .01877 .05918 --39
.10360 .01874 .05920 --40
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TABLE 3.2 (continued)

.10358 .01847 .05894 --41
.10345 .01817 .05867 --42
.10315 .01791 .05847 --43
.10274 .01775 .05837 --44
.10234 .01767 .05835 --45
.10199 .01764 .05836 --46
.10170 .01763 .05838 -=47
.10147 .01762 .05840 --48
.10130 .01762 .05842 --49
2 Type - EDGE NO: 3 =-===-——==—-—-—---
20.00 Tension parameter
2 Number of nodes
.11645 .01677 .05842 --1
.11596 .01985 .05842 - 2
3 StretchType
1.1000 Stretching parameter BETA
2 Type - EDGE NO: 4 —=-=-—=—---————=-—--
20.00 Tension parameter
2 Number of nodes
.10181 .01439 .05842 -1
.10130 .01762 .05842 -—- 2
3 StretchType
1.1000 Stretching parameter BETA
1 Type - EDGE NO: 5 ==---=-———==-———--
.11737 .01347 .05530 -1
.11719 .01345 .05530 -- 2
.11688 .01342 .05531 -- 3
.11642 .01337 .05532 -- 4
.11580 .01332 .05533 -- 5
.11545 .01327 .05533 -- 6
.11513 .01324 .05534 -— 7
.11495 .01322 .05534 -- 8
.11486 .01353 .05565 -- 9
.11458 .01375 .05591 --10
.11416 .01376 .05598 --11
.11381 .01354 .05581 --12
.11363 .01324 .05554 --13
.11359 .01292 .05523 --14
.11338 .01290 .05525 --15
.11303 .01287 .05526 --16
.11251 .01283 .05529 -=-17
.1119%2 .01278 .05531 --18
.11140 .01274 .05534 --19
.11105 .01271 .05536 --20
.11084 .01269 .0553¢6 -=-21
.11074 .01297 .05567 -=-22
.11046 .01317 .05592 --23
.11004 .01318 .05598 --24
.10970 .01298 .05581 --25
.10852 .0127C .05554 --26
.10948 .01241 .05523 -=27
.10827 .0123¢ .05525 --28

97



TABLE 3.2 (continued)

.10892 .01235 .05526 -=29
.10840 .01231 .05529 --30
.10780 .01225 .05531 --31
.10728 .01221 .05534 --32
.10693 .01217 .05536 --33
.10672 .01215 .05536 --34
.10663 .01242 .05565 --35
.10639 .01262 .05589 --36
.10601 .01266 .05598 --37
.10567 .01250 .05588 --38
.10545 .01225 .05566 --39
.10536 .01197 .05539 --40
.10519 .01197 .05541 --41
.10494 .01197 .05545 --42
.10459 .01196 .05549 --43
.10418 .01195 .05555 --44
.10373 .01194 .05561 --45
.10332 .01193 .05567 --46
.10297 .01192 .05572 --47
.10272 .01191 .05576 --48
.10256 .01195 .05582 --49
Type - EDGE NO: 6 ----—-—---————=———=
.11697 .01656 .05530 --1
.11682 .01654 .05530 -— 2
.11656 .01652 .05531 -- 3
.11618 .01648 .05532 -- 4
.11574 .01643 .05533 -- 5
.11536 .01639 .05533 -- 6
.11510 .01637 .05534 -7
.11485 .01635 .05534 -- 8
.11486 .01666 .05565 -- 9
.11458 .01689 .05591 --10
.11416 .01690 .05598 --11
.11381 .01668 .05581 --12
.11363 .01637 .05554 --13
.11359 .01605 .05523 --14
.11338 .01603 .05525 --15
.11303 .01600 .05526 --16
.11251 .01596 .05529 --17
.11192 .01591 .05531 --18
.11140 .01587 .05534 --19
.11105 .01584 .05536 --20
.11084 .01583 .05536 -=21
.11074 .01610 .05567 --22
.11046 .01631 .05592 --23
.11004 .01632 .05598 --24
.10970 .01613 .05581 --25
.10952 .01585 .05554 ~--26
.10948 .01555 .05523 -=27
.10827 .01554 .05525 --28
.10892 .01551 .05526 --29
.10840 .01547 .05529 --30



TABLE 3.2 (continued)

.10780 .01543 .05531 --31
.10728 .01539 .05534 ~-32
.10693 .01536 .05536 --33
.10672 .01534 .05537 --34
.10663 .01561 .05565 --35
.10639 .01581 .05589 -=-36
.10602 .01586 .05598 --37
.10567 .01571 .05588 --38
.10545 .01546 .05565 --39
.10536 .01519 .05538 --40
.10516 .01519 .05541 --41
.10487 .01519 .05544 --42
.10448 .01518 .05549 --43
.10400 .01518 .05555 --44
.10348 .01518 .05561 --45
.10300 .01518 .05567 --46
.10261 .01518 .05572 --47
.10232 .01518 .05576 --48
.10212 .01522 .05582 --49
Type - EDGE NO: 7 -—-—-——=—=--———————
.00 Tension parameter
Number of nodes
.11737 .01347 .05530 -- 1
.11697 .01656 .05530 - 2
StretchType
.1000 Stretching parameter BETA
Type - EDGE NO: 8 ---—==----c-o—-o—-
.00 Tension parameter
Number of nodes
.10256 .01195 .05582 --1
.10212 .01522 .05582 -- 2
StretchType
.1000 Stretching parameter BETA
Type - EDGE NO: 8 -------—--c———-
.00 Tension parameter
Number of nodes
.11645 .01677 .05842 --1
.11596 .01985 .05842 - 2
StretchType
.1000 Stretching parameter BETA
Type - EDGE NO: 10 -—-=-===———-=--———--
.00 Tension parameter
Number of nodes
.11737 .01347 .05530 -- 1
.11697 .01656 .05530 -- 2
StretchType
.1000 Stretching parameter BETA
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TABLE 3.2 (concluded)

Type - EDGE NO: 11 -=-——=—-—=———=>=--
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.00 Tension parameter
Number of nodes
.11645 .01677 .05842
.11658 .01628 .05799
.11719 .01407 .05591
.11737 .01347 .05530
StretchType
.1000 Stretching parameter
Type - EDGE NO: 12 -=---—-—————=———-
.00 Tension parameter
Number of nodes
.11596 .01985 .05842
.11610 .01936 .05799
.11678 .01716 .05591
.11697 .01656 .05530
StretchType
.1000 Stretching parameter
Type - EDGE NO: 13 —--===-————=—-—--——-
.00 Tension parameter
Number of nodes
.10181 .01439 .05842
.10130 .01762 .05842
StretchType
.1000 Stretching parameter
Type - EDGE NO: 14 ---—-———-——==-—-——
.00 Tension parameter
Number of nodes
.10256 .01195 .05582
.10212 .01522 .05582
StretchType
.1000 Stretching parameter
Type - EDGE NO: 15 -------=-=-——==—-—--
.00 Tension parameter
Number of nodes
.10181 .01439 .05842
.10253 .01226 .05613
.10256 .01195 .05582
StretchType
.1000 Stretching parameter
Type - EDGE NO: 16 -———-——--———-=—-———=-
.00 Tension parameter
Number of nodes
.10130 .01762 .05842
.10209 .01552 .05613
.10212 .01522 .05582
StretchType
.1000 Stretching parameter



Coolant Passage within Blade

Direction of Coolant Flow

Blade

Coolant Flow

Axis of Rotation

(a) Cutout view

Divider Walls

Coolant Flow

P.. T X

(b) Schematic drawing

Figure 1.1 — Radial turbine coolant passage.
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n (Technique: n=2 orn=4)

JL
KL
C¢
Cn
og
ke
ke
kni
kn2
kgy
kg2
Type-1

Information
for
Edge 1

Type-2

Information
for
Edge 2

Type-3

Information
for
Edge 3

Typé-m

Information
for
Edge m

StretchType 11
Betal Beta 2
StretchType 12
Betal Beta 2
StretchType 15
Betal Beta 2
StretchType 16
Betal Beta 2

m=3§ if n=2 (two boundary technique)
m=16 if n=4 (four boundary technique)

Figure 3.1 — Input-file format for GRID3D-v2.
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Information for Edge i

if Type-i=1:

SIVLEINL=IL for i=3,49,10,13 and 14
X2¥2%2 NL=JL for i=11,12,15 and 16
NL=KL for i=123,4

XNL ¥NL ZNL

if Type-i = 2:

c
NP
X1¥121

X2 Y2 22 o = tension for spline

: NP = number of node points
XNP YNP ZNP

StretchType 1
Betal Beta2

Figure 3.1 (concluded)
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Figure 3.2 — Edge curve and boundary surface numbering scheme for GRID3D-v2.
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L-ﬂ' ™ Zone 5

Zone 3

Zone 2

Zone 1

Zone 7

Zone 12

=

___ Zone 19

. Zone 14

Zone 10

Figure 3.3 — Partiioning of the spatial domain of radial turbine coolant passage into zones

for grid generation.
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Figure 3.4 — Grid system for zone 18 of radial turbine coolant passage.
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Figure 3.5 — Grid system for the whole radial turbine coolant passage (2-D view).
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Figure 3.6 — Grid system for the whole radial turbine coolant passage (3-D view).
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